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^ (57) Abstract: A compound useful as a cocatalyst orcocatalysi component, especially for use as an addition polymerization catalyst 
^ compound, corresponding to the formula: (A'*»)b(Z*J*j)-Crf, wherein : A* is a cation of from 1 to 80, preferably 1 to 60 atoms, not 
^ counting hydrogen atoms, said A* having a charge +a, 7* is an anion group of from 1 to 50. preferably 1 to 30 atoms, not counting 
2 hydrogen atoms, further containing two or more Lewis base sites: J* independently each occurrence is a Lewis acid of from 1 to 80, 
preferably 1 to 60 atoms, not counting hydrogen atoms, coordinated to at least one lewis base site of Z*,and optionally two or more 
such J* groups may be joined together in a moiety having multiple Lewis acidic functionally, j is number from 2 to 12 and a,.b, c, 
and d are integers from 1 to 3, with the proviso that a x b is equal to c x d, and provided further that one or more of A*, Z* or J* 
^ comprises a hydroxy] group or a polar group containing quiescent reactive functionality.- 
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EXPANOED ANIONIC COMPOUNDS COMPRISING HYDRCXYL OR QUIESCENT 
REACTIVE FUNCTIONAUTY AND CATALYST ACTIVATORS THEREFROM 

The present invention relates to compounds that are useful as ra^^^^ 
5 components. More particularly the present Invention relates to such compounds that are 
. particularly adapted for use in the coordination poiymerizatlon of unsaturated compounds 
compnsing an anion containing at least two Lewis basic sites which are coordinated to 
Lewis acds. and further containing a hydroxyl group or a polar group containing a 
Woent reactive functionality. Such compounds are particularly advantageous for use 

.n fom,mg supported polymerization catalysts Wherein at least the catalyst activator is 
chemically attached to a substrate material. "• ' ' 

o^nirn ? "T""' •'^^ ^« »° activate aegler-Natta polymerization catalysts 

particularly such catalysts comprising Group 3-10 metal complexes containing 
delocalized .-bonded ligand groups, by the use of Broristed acid salts capable of 
Ih gZ. ^ cationic deriv.ti\/e or other catalytlcaily active derivative of 

such Group 3-10 metal complex. Preferred Brdnsted acid salts are such compounds 
containing a cation/ anion pair that is capable of rendering the Group 3-10 metal complex 
catalytlcaily active.- Suitable activators comprise «uorlnated arylbora'e anions. LchTs 
^Uakis(pentafiuorophenyl)borate. Additional surtable anions include sterically shielded 
20 diboron anions of the formula: sT'ieioea 



wherein: 



• ■ s is hydrogen, alkyl. fluoroaikyl. aryi, or fluoroaryi; Ar^ is fluoroaryi, and is 

25 rrr'" " .^^-^-^■'»^^-«95. Additional examples include • 

25 carborane compounds such as are disclosed and claimed in US-A-5.407.884. 

ammonium, sulforiium-. or phospKonium sails capable of transferring a hydrogen ion. 
f-'°-^-^S.A-5.98.40i:^ ^ 
wall as oxidizing sa^^^ 



-1- 



BNSDOCID- *WO__020e303A1J_> 



wo 02/08303 



PCTAJSOl/21881 



: . " ! DS-A-5.189;1S2 andUS-A-5i321 iioe'and strongly Lewis acidic salts such as carbonium 
or sllyliCim* salts, disclosed in ljS-A-5,350,723 arid US-A-5,625.087. 

Further suitable activators for the above metal complexes Include strong Lewis 
acids including tris(perfluorophenyl)borane and tris(perfluorobiphenyl)borane. The 
5 ■ former composition has been previously disclosed for the above stated end use in 

EP-A-520,732, whereas 1he latter composition is similarly disclosed by Marks, et al., in J. 
Am. Chem. Soc . . 118.1 2451 -1 2452 (1 996). " ' ' ' 

Despite the satisfactory performance of the foregoing catalyst activators under a 
variety of polymerization conditions, there is still a need for improved cocataiysts for use 
10 in the activation of various metal complexes especially under a variety of reaction 

conditions. Accordingly, It would be desirable if there were provided compounds that 
could be employed in solution, slurry,- gas phase or high pressure polymerizations and 
under homogeneous or heterogeneous process conditions having improved activation . 
properties. In particular, it would .be desirable to provide compounds that may be^ 
1 5 chemically bonded to support. materials to prepare supported catalyst components^i- 
haying improved resistance to solvent removal and loss from the particle surface.** 

. According to the present invention there are now provided compounds useful as 
^ catalyst activators corresponding to the formula: (A*ta)b(2*J*j)-Cjj. . ,^ 

wherein: ' ' . • . • : 

A* is a cation of from 1 to 80, preferably 1 to 60 atoms, not counting hydrogen 
atoms, said A* having a charge +a, 

Z*Js an anion group of from 1 to 50, preferably 1 to 30 atoms, not counting 
hydrogen atoms, further containing two or more Lewis' base sites; 

J* independently each occurrence is a Lewis acid of from 1 to 80, preferably 1 to 
60 atoms, not counting hydrogen atoms, coordinated to at least one Lewis base site of 
Z*. and optionally two or more such J* groups may be joined together in a moiety having 
' multiple Lewis acidic functibnallty, 

j is a number from 2 to 12 and 

a, b, c, and d are integers from 1 to 3, with the proviso that Ax b is equal to c x d, 
and provided further that one or more of A*, Z* or J* comprises a hydroxyl group or a 
polar group containing quiescent reactive functionality. 

The foregoing compounds, in particular,' those containing quiescent reactive 
functionality may be utilized in combination with one or more Group 3-10 or Lanthanide 
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metal complexes to form catalyst compositions for pplymerlzatlon of addition 
polymerizable monomers, especially ethylenically unsaturated monomers, most 
preferably, c^.2o,o« a-olefins. Additionally, the compounds may be utilized to form latent 
activators, that is. compounds that may themselves notcause a metal complex to 

5 become catalytically active, but which may be converted to such a compound, by for 
example, in-situ reaction of the hydroxyl group or quiescent reactive functionality or its 
denvajrve with a Lewis acid, especially an aluminum hydrocarbyl corhpound. or an alkali 
metal hahde or ammonium halide salt. ■ Moreover, the compounds may be deposited onto 
sohd supports, such as by impregnation, surface deposition. physisoT^tion or chemical 

0 reaction withlhe support, reactive functionality of the suppcirt. or chemical modifiers 
associated with the support, to form heterofi^neoiis catalyst components for use in 

. prepanng heterogeneous catalyst compositions for use in- polymerization of the foregoing 
monomers.' . ■ . • av^"'y 

• In one embbdiment.of the invention, the foregoing compounds are:used to form 
supported catalyst components by reaction of the hydroxyl group thereofwith reactive 
funcfonality of a support material, or by conversion of the quiescent reactive functionality 
to a reapt.ve lynctionality and reaction thereof with reactive functionality of a support 
matenal. The resulting supported catalyst components are highly resistant to loss of 

. .. activator compound in a liquid reaction medium such as occurs in a slurry 
•polymerization. One or more Group 3-10 or Lanthanide metal complexes, preferably a 

. . Group 4 metal complex., and additional additives, modifiers and adjuvants may be added 
to the catalyst .component. either before, after or simultaneous. with addition of the 
'^'^atalyst of the present invention, tofo 

Additionally according to the present invention'there is provided a catalyst 
composition for polymerization.of an ethylenically unsaturated. 'pol^rnerizable nibnomer 
compnsing. in combination, the above described activated derivative compound, a Group 
3-10 metal complex that is capable Qf activation tO:form an addition polymerization 
catalyst, or the reaction produpt of,such combination, and pptipnally.a support. 

■■ Additlonailyai^jrdingjothepresentinventiohthereisprovidedaprocessfor 
polymenzation of one or more fethylehically unsaturated,^ polymerizable monomers 
comprising contacting the samei optibhaily in the presehce of an inert aliphatic, alicyclic 
. or aromatic hydrocarbon, with thfe above catalyst composition or supported catalyst 
composition.: : ; • :• - . . 
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The foregoing compounds are uniquely adapted for use In activation of a variety 
of metal cbmplexes, especially Group 4 metal complexes, under standard and atypical 
' • ' • olefin polymerization conditions. Because of this fact, the foregoing compounds are 
■ capable of forming highly desirable olefin polymers in high efficiency. 

. 5 All references herein to- elements belonging to .a certain Group refer to the 

. Periodic Table of the Elements published and copyrighted by CRC Press, Inc., 1995. 
. Also any reference to the Group or Groups shall be to the Group or Groups as reflected 
in this F^eriodic Table of the Elements using the lUPAG system for numbering groups. 
VVhen referred to herein,. the teachings of any. patent, patent application or publication 

10 are hereby incorporated by reference herein. . 

? . - . : . *f ' ' / ■ . . - • ■ ■' • 

. . The catalyst activators .of the invention are further characterized jn the following 
manner. A*''"^ is desirably chosen to provide overall neutrality to the compound and to 
not Interfere with subsequent catalytic activity. Moreover, the cation may participate in 
the formation of the active catalyst species, desirably through a proton transfer, 
■ 15 oxidation, or llgahd abstraction mechanism, or a combination thereof. Additionally, 

certain cations beneficially improve the solubility of the resulting activator in particular 
' reaction media under use conditions. For example, in the homopolymerizatlon or 
copolymerization of aliphatic olefins, particularly in the solution phase, an aliphatic diluent 
is commonly used. Accordinglyr cationic species that are relatively soluble in such 
• 20'. reaction media, or render the catalyst aGtlvator'more' soluble therein are highly preferred. 
I ■ '■ Examples of suitable cations Indude ammonium,' sulfohium. phdsphonium, 

\ oxonium,: carbonium. and silylium cations, preferably those containing up to 80 atoms not 

^'Counting hydrogen, as' well as fenr6ceniumv Ag+, Pb+S^cir'similar oxidizing cations. As 
• previously mentioned, theication may .also comprise a hydroxyl group or a polar group 
25 containing .quiescent reactive funQtipnality: In a preferred embodiment, a, b, c arid d are 
. . all equal to. one., . .= . • - - . , . 

Z* can be any anionic riibietycontainirig two 
Preferably, the* Lewis base sites are' on xiifferent atoms of a pblyaionh'ic anionic moiety. 
. Desirably, such Lewis basic .sites are relatively sterically accessible to the Lewis acid, J*. 
30 . ^ffreferably the Lewis basicsites are^on nitrpgen or carbon atoms.: Examples of suitable 
^ Z* anions incjude cyanide, azide, amide and substituted amide, amidinide and 
substituted amidinide,, (dicyanamide, imidazolide; substituted imidazolide, imidazolinide, 
substituted imidazolinide, tricyanomethide, tetracycanoborate, puridoi squarate. 1,2,3- 
triazollde, substituted 1 ,2,3-triazoIide. 1 .2,4-triazolide. substituted 1 .2,4-triazolide. 
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pynmidinide, substituted pyrimidinide. tetraimidazoylborate ^nd substituted 
tetraimidazoylborate anions, wherein each group, If present. Is a halo-. hydrocarbyl- 
halohydrocarbyl-. sllyl, (including mono-, di- and tri(hydroca*yl)silyl-). sllylhydrocarbyl- 
halocarbyl- or hydroxyl- group, or a polar group containing quiescent reactive 
functionality, or two such groups together form a saturated or unsaturated ring- or 
multiple ring- system. > . ; ; i: . . . < . 

• . ■ ■• - . 
Pref^rr^. 2* groups are: imidazollde,, 2-nonadecy limidazolide 2- 
undecylimldazollde. 2.tridecylimida2olide, S-pentadecyiimidazolide 2- 
heptadecyllmidazolide. 2.nonadecylimida2olide. 4;5:ditluoroimidazolide 4 5- 
dichloroimldazollde. 4.5-dlbromoimidazolide. 4.5:bis(heptadecyl)imidazolide. 4 5- 
..•b.s{undecyl)imida.olide..^ 

: 2-trKJecyl.mKlazollnlde. 2-pentadecylimidazolinide. 2-heptadecylimldazollnide 2- 
, nonadecyllmidazolinide. 4,5-dlfluoroimidazolinide, 4.5-dichloroimida2olinide 4 5- 
, cl.bromoimidazoBnide. 4.5-bis(heptadecyl)imidazolinide. 4.5-bis(.ndecyl)imidaiolinide 
didecylamide. piperldlnlde, 4,4-dlmethylimidazolinide. tetra-5-pyrimidinylborate • 
pynmrdinide. S.S-dlchlorobenzimidazolide, 4.5-dicyanoimida2olide, and 5 6-' 
dimethylbenzlmldazolide anions, or said Z* groups that are further substlluted with a 
hydroxyl group or a polar group containing quiescent reactive functionality. 

20 12 Lewis acids. J*. 

20 n.0 or more of wh.ch may be joined together in a moiety having multiple Lewis acidic 

oil?' ^ '^^''-y' S-^P - - P°'- 9-P 

containing quiescent reactive functionality, so long as such functionality does not 

interfere with the Lewis acid functionality of the group. Preferably, from 2 to 4 J- groups 
having from 3'Xo 100 atoms not countihg hydrogen are present.' 

to the fo'^mlT'^'^ foregoing Lewis acid compounds. J*, correspond 



25 



or 



iAr?/, ... (Fl^)-M*.W2^ M*-4Ar^/3. 

9 « 



. . Wherein: . ' • . 

r. . . • Is ajumlnum, gallium or boron;. c-.,: 
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R'* ahd'R2 independently each occunrence are hydride, halide, or a hydrocarbyl, 
halocarbyl,' halohydrocarbyl, dialkylamido, alkoxide, or aryioxide group of up to 20 
carbons, optionally substituted with a hydroxy! groujs or a polar group containing 
quiescent reactive functionality, and 
5 Ar^'^-Ar^2 in combination, independently each occurrence, is a divalent fluoro- 

substituted aromatic group of from 6 to 20 carbons, optionally substituted with a hydroxyl 
group or a polar group containing quiescent reactive functionality . 

Highly prefen'ed Lewis acids are alunninum or boron compounds corresponding to 
the formula: AjR'^s, or BR^ 3, wherein. R1 independently each occurrence is selected 
.1,0, . from hydrocarbyl. halocarbyl, and halohydrocarbyr radicals;,or such groups further 
. • . substituted with a hydroxyl group or a polar group containing quiescent reactive 

functionality, said R'' having up to 20 carbons. In a more highly preferred embodiment, ^ 

- R"^ is a fluorinated Ci.2b hydrocarbyl group, most' preferably, a fluorihated aryl group, 
especially,' pentafluorophenyl. 

15 . . , . Preferred examples of the foregoing Lewis acid groups containing multiple Lewis - -i^ 
acid sites are: . . ..... 




:-. : • - - By the tenn "polar group containing.quiescent reactive functionality" is meant an 
oxygen, nitrogen, sulfur, or phosphorus containing ligand group that is ciapped or 

20 protected and thereby rendered relatively inert to reaction conditions used in the 
synthesis or use of the present compounds, but wherein the capping or protecting 
groups may be later removed, if desired; thereby generating a reactive polar functional 
group, espiscially a hydroxyl group or metallated derivative thereof. Suitable reactive 
polar functional groups include hydroxyl, thiol, aniinei'and phosphine groups, or 

25 hydrocarbyl-. alkali metal- or Bronsted acid salt- derivatives thereof. Suitable quiescent 
reactive functionality includes the trihydrocarbyllsllyl-, trihydrocarbyfgermyl-, 
dihydrocarbylaluminum-, hydrocarbylzinc-'or hydrocarbylrnaghesium- functionalized 

-6- 
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derivative of the foregoing polar groups. Particularly preferred .polar containing 
quiescent reactive functional groups. are trihydrocarbylsilpxy, trihyjdrocarbylsiloxy- 
substituted hydrocarbyl, dihydrpcarbylalumlnoxy and dihydrocarbylaluminoxy substituted 
hydrocarbyl groups. Especially preferred are the trialkylslloxy- or dialkylaluminoxy- 
5 derivatives of , such polar functlpnai. groups, containing from 1. to 6 carbon In each alkyi 
group. Especially preferred quiescent reactive functiorial groups are trimethylsiloxy- 
groups and diethylalumlnoxy- groups. 

' : Such polar group containing quiescent reactive functionality Is activated by 

reaction with a metal hydrocarbyl-. metal halocarbyl-, hydrocarbylmetaloxy- or metal 
0 halohydrodarbyl- compound under llgand exchange conditions, thereby producing a 
. .. neutral hydrocarbon, halohydrocarbon, trlmethyIsHylhydrdcarbon, . ' - - 

trimethylsllylhalohydrocarbon or trimethylsilylhalocarbon compound as a by-product. The 
hydroxyl group or polar group containing quiescent reactive functionality may also be 
. employed to react with hydroxy!-, alkylmetal-, hydrocarbylsilyl-, or hydrocarbylsiloxy- 
1 5 functionality of a solid, particulated. support material, optionally after conversion to a 
^ metallated or protonated intermediate. This results In tethering or chemically attaching 
the activator to the surface of the solid, particulated, support material, The resulting 
substance demonstrates ^nhanced resistance to loss or removal when exposed to 
liquids in a pplymerizatipn process. . 

20 / In a preferred embdcllnrient, the foregoing hydroxyl group or polar group ' 

containing quiescent reactive functionality is. located in the Z* ligand. Examples Include 
. hydroxy!, trialkylsilpxy-, trlalkylsiloxyalkylr, .trialkylsllpxyaryl-, and dlalkylaluminoxyaryl- 
substituted derivatives, of imidazol!de...2-(Ci.3phydrocarbyl)imidazoIide, 4,5- 
dlhaloirnidazolide,.4,5-c?l(Ci^3ohydrqcarbyl^ 2-{Ci. 
25 . .3pliydroc^rbyl)-4,5-ben?im^^^ ^1 .3,4Ttria2piide, 2:(Ci^ohydrocarby|-1,3,4-trlazolide, 

1 ,2,3-triazolide, 4,5-benz-1 ,2,3-trlazoHde, imidazolinide, .2-(Ci.3phydrocarbyl)- 
. Imidazolinide, 4,5-dlhalolmidazolinlde, and 5.6-dimethylbenzimidazolide. . Especially 
preferred examples include hydroxyaryl. trlmethyisiloxyajyl-, and dialkyialuminoxyaryl- 
substltuted derivativeis of Imldazolide,' 2-(Ci.3oaIkyl)imidazolide. 4,5<ll(Ci.3aalkyl)- 
30 Imidazolide, 4.5-benzimidazollde. 1 ,3,4-triazolide, 2-(Ci.3oalkyl-1 .3,4-triazolide, and 1 ,2.3- 
.. triazollde... ,^ . . ^ . , , ^ / ^ 

. ^ . .Especially suitable expaiided anion CO 
. . LJOVemip" includathe .a.mmpn(urn,- phosphonjum. sulfonium. oxonlum. carbonium. silylium, 
lead (II),] silver pn ferrocenlum salts.pf hydroxylphenylr. trimethylsiloxyphenyl-. and 
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• dialkylalurhfnoi^phenyl- substituted derivatives off bls(tris{penta-fluorophenyl)borane)- 
irnida2bIideVbis(trrs(pentafIuorophenyl)borarie)-2-undecy 

bis(tris(pentafluorophenyl)borane)imidaz6linide, bis(tris(pentafluorophenyl)-borane)-2- 

■ undecylimidazolinlde, bis{tris(pentafluorophenyl)borane)-4,5-benzim!dazolide, 

* 5 ' bis(tris(peritaf ludrophehyl)borarie)-4;5-bis(heptadecyl)i^ bis(tris(penta- 

fIuor6ph6nyl)borane)1 ;3,4-triazolide, bis(tris(peritafluorophenyl)borane)-2-undecyl-1 .3,4- 
triazolide, bis(trls(pentafluorophenyl)alumane)imiciaz6lide. bis(tris(penta- 
fluorophenyl)alumane)-2-undecylimidazolide,' bis(tris{pentafluorophenyl)alumane)- 
imidazolinide, bis(tris(pentaf[uorophenyl)alumane)-2-undecylimidazo!inide, bis(tris- 

10 . {pentafluorophenyl)alumane)^4.5-benzlmidazolide, bis(tris(pentafludro-phenyl)alumane)- 
4,5-bis(lieptadecyl)imidazolide, b<s(trjs(pentafluorophenyl)alumarie)-1 ■3,4-trlazolide. and 

V • bis(tris(pentafluorophenyl)alumane)-2.-und6cyl-1,3,4-tria2olide. 

' Preferred expanded anfon'compbUnds are the ammonium salts of the foregoing 

' derivatives, especially those which comprise trihydrocarbyl- substituted ammonium 

15' ' cations, especially trimethylammonium-, triethylammonium-, tripropylammonium-, tri(n- 
butyl)ammonium-, methy!di(octadecyl)ammonium-, methyldi(tetradecyl)arrimonium-, 
methyl(tetradecyl)(octadecyl)ammonium-, N'.N-dimethylanilinlum-, N.N-diethylanillnium-, 

■ N.N-diim'ethyl(2,4,6-trimethylahiliniurin)-, N,N-di(tetradecyl)lahilinium-, N,N-di(tetradecyl)- 
2.4.6-trimethylanilinlum)-, N,N-di(octadecyl)laniiihluWi-, N,NHdi(octadecy 

20 trimethylanilinium)-, and methyldicyclohexyJanrimonlunr>-.catlpr;is, or mixtures thereof. 

: . Most preferred* ammonium cation containing salts a're'thos'e 'containing 

• trihydrocairbyl- substituted amrnonium catiohs containing one br-fwo. C10-C40 alkyi groups, 
esfDecially methylbis(o'ctadecyl)ammbrilahi- and riiethylbis(tefradecyl)animohlum- 

• cations. It is furlhelr'understbod that this cation may comprise a mixture of hydrocarbyl 
25 groups'of differing lengths. For example, the prdtonated ammoniurh cation derived from 

the commercially available ibng chain amine cbmpi'isihg a mixture of two Cm, Cie or Cis 
alkyI groups and one methyl group. Such amines are available from Witco Corp., under 
the trade name Kemamihe'^!^ TS70\,' and. from Akzo-Nobel under the trade name 
Armeen™M2HT. ' ' ' V" ^ ... ..... 

30 The foregoing cocatalysts (Illustrated by those having substituted- imidazollde. 

imidazolinide, benzinildiazoirde; 1 .3,4-tr^aioIide, 1 ,2;3-tliazolide; or 4.5-benzi-1 ,2.3- 
triazolide anions-contaihirtg brie or more hydr'oxyl-;'!rihiethylslloxy-;tHm'eth'y^ 
or trimethylsiloxyaryl- groups) may be depicted schematicaliy as follows: • ** 
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N(OiN — J*' 




R'* R* 



wherein: 



A*+ is a monovalent cation as previously defined, and preferably Is a 
trihydrocarbyl ammonium cation, containing one or two Ci„^ alkyi groups, especially the 
methylbis(tetradbcyl)ammonium- or methylbis(octadec'yl)ammonium- cation. 

R'. independently each occun'ence. is hydrogen or a hydroxyhydrocarbyl, halo, 
hydrocarbyl. halocarbyl. halohydrocarbyl. silylhydrocarbyl.-pr silyl group, (including mo'no- 
, di- and tri(hydrpcarby|),si.lyl), group of up to 30 atoms not counting hydrogen, preferably 
Ci^.aikyl.gj-oup, or a quiescent reactive group, with the proviso Jhat at least one R" 
group contains a hydroxyhydrocarbyl group or a quiescent reactive group, preferably a 
. hydroxyaryl. trialkylsilqxy-, trialkylsiloxyalkyi-, trialkylslloxyaryl., or dialkyllaluminoxyaryl- 
ligand, more preferably a trimethylsilpxy-. trimethylsiloxymethyl-^ 
or diethylaluminoxyphenyl-ligand, and 

J*' is tris(pentafluorophenyl)borane ortrisi[pentafluorophenyl)alumane). 

Examples of the most highly prefen-ed catalyst activators herein include the 

-, especially, rnethylbis'(tetradecyl)aiTimonium- or 
■methylbis(odadecyj)ammonium^^ ■ ■ • ' ; . . ' 

bis(tris{pentafluorophenyl)borane)-2-(p-hydroxyphenyl)lmida2olide. 
bis(tris(pentaf luorophen^^ imidazollde; ' 
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bis(tris(pentafluorophenyl)bbrane)-2-undecyl-4-(p-hydroxyphenyl)imidazolide, 
bis(tris{pentafIuorophenyl)borane)-2-heptadecyl-4-(p-hydroxyphenyl)imidazolide, 
bis(tris(pentafIuorophenyl)borane)-2-(p-hydrbxyphenyl)-4,5-bis(undecyl)imldM^ 
bis(tris(pentafluorophenyl)borane)-2-{p-hydroxyphenyl)-4.5-bis(heptadecyl)imidazolide. 
5 bis(tris(pentafluorophenyl)borane)-2-(p-hVdroxyphenyl)imidazolinide. 
bis(tris(pentafluorophenyl)borane)-2-(p-hydroxyphenyl)-1,3,4-tria20lide, 
bis(tris(pentafluorophenyl)borane)-2-(p-hydroxyphenyl)-4.6-benziimidazo!ide; 

bis(tris{penta!luorophenyl)borane)-2-{p-trimethylsiloxyphenyl)imidazoIide, 
10 bis(tris(pentafiuorophenyl)borane)-2-undecyl-4-(p-trimethylslloxyphenyl)imidazolide, 

bis(tris(pentafluorophenyl)borane)-2-heptadecyl-4-(p-trimethylslIoxyphen^^ 

bis{tris(pentafluorophenyl)borane)-2-{p-trimethylsiloxyphenyl)-4.5- 
bis(undecyl)imidazolide, 

bis(tris(pentafluorophenyl)borane)-2-{p-trinnethylslloxyphenyI)-4,5- • • • ' 
15 bls(heptadecyl)imida20lide, 

bis(tris(pentafluorophenyI)borane)-2-(p-trimethylsiloxyphenyl)imidazoiini^ 
' bis(tris(pentafluorophenyi)borane)-2-(p-trimethylsiIoxyphenyl)-1,3,4-trlazolide, 

bis(trls(pentafluorophenyl)borane)-2-(p-trimethylsiloxyphenyl)*4,5-benziimid 

20 bis(tris(pentafluorophenyl)borane)^2-(p-diethylaIuminbxypheh^^^ 

bis(trls(pentafluorophenyl)boranej-2-(p-diethylalumlnoxybiphenylj^^ 
• bis(tris(pentafluorophenyl)borane)-5-(p-diethylaluminox^^ "* 
'•bls(trls(pentafluorophenyl)borane)-2-undecyI-4-(p-dieth 
bis(tris(pentafludrophenyl)borane)-2-heFitadecy 
25 ' bls(tris(pentaflubrdphenyl)bbrane)-2-{p-d * 
bis(undecyl)imidazolide, * ' ■ • ■ ' * • 

. bis(tris(pentafluoropf;i.enyl))3oran.e)T2-{pKJiethylaium^ 
bis(heptadecyl)imidazollde, 
bis(tris(pentafluorophenyl)borane)-2;(p-diethyla^ 
30 bls(tris(penkfluorophenyl)borane)-2-(|>diethyla!um 

bis(trls(pentafluorophenyl)borane)-2-(p-dlethyialuminoxyphenyl)-4,5-benzllmW 

bis(tris(pentafluorQphenyl)alumane)-2-(p-hydroxyphenyl)lmidazolldej 
bis(tris(pentafluorophenyI)alumane)-2-undecyl-4-(p-hydroxyphenyl)imidazoIide, 
35 bis{tris(pentafluorophenyl)alumane)-2-heptadeeyl-4'-(p-hydroxyphenyl)imidazollde, 
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bis{tris(pentafluorophenyl)alumane)-2-{p-hydroxyphenyl)-4.5-bis(undecyl)imidazolide. 

bis{tris(pentafluorophenyl)alumane)-2-(p^hydroxyphenyl)-4;5-6fe{heiitadecyl) 

bis(tris(pentafluorophenyl)alumane)-2-(p-hydroxyphenyl)imidazoli'rticie. 

bis(tris(pentafluorophenyl)alumane)-2-(p-hydroxyphenyl)-1,3',4-triazolide. 
bis(tris(pentafluorQphenyl)alumane)-2:(|^^^^ 

bfs{tris{pentafluorophenyl)alumane)-2-(p-trimethylsiloxyphenyl)irnidazolide, 

bis(tris(pentafluorophenyl)alumane)-2-unde(q^l-4-(p-trimethylsiloxyphenyl)lmidazolide. 
bis(tris(pentafluorophenyl)aluhiane)-2-heptadecyl-4l(p-trim 

bis(tris(pentafluorophenyl)alumane);-2-(p-trimethylsiloxyphen^^ 
bis(undecyl)imicla2o!ide, 

bisaris(pentafluorophenyl)alumane)-2-(pWethyls'iloxyphenyl)-,4,5- 
bis(heptadecyl)imidazolide, 

bis(tris(pentafiubr6phenyl)alumane)-2-(p-trimethylsiloxyphenyl)imW^ 

bis(tris(pentafluorophenyi)alumane)-2-(p-trimethylsii6xyphenyl)-1,3,4-fr^^^^ 

bis(tris(pentafluorophenyl)alumane):2-(p-trimethylsiloxyphenyl)-4,^^^ 

bis(tris{pentafluorophenyl)alumane)-2-(p:dMhyla!MminoxyphenyO 
.bis(tris(pentafluoroph^.nyl)alumane)-2-undecyl-4-(p-diethylalumi^ 

bis(t.ris(pentaf!uorophenyl)a!uniane)-2,heptade(^l-4-(p-diethylaluminoxyphenyO-. 
imidazplide, 

b!s(tris(pentafluorophenyl)alumane)^2-,(p-diethylaluminoxyplienyl)-4.5- .. . 
bls(undecyl)imida2olide, ! : . 

bis(tris(pentafluorophenyl)alumane)^2,(p-diethylalumlhoxyphenyl)-4,5- • 
._Ws(heptadecyl)imida2o!ide, , ,. 

.bis(tris(pertafluoroplienyl)aluman.e).2-(p-diethylaluminbxyphenyl)imidazolinide. 
bis(tris.(pentafluprophenyi)alumane)-2-(p-diethylaluminoxyphenyl)-1 ,3,4-triazoiide, and 

.b.is(tris(pentafluorophenyl)aluniane):2-(p-diethylaluminoxyphenyl)-4,5.benziimidaiolide. 

The compounds may be prepared by a condensation reaction between tiie aikali 
metal salt of the anion, Z*, and a Lewis acid, J*, preferably under phase transfer 
conditions, using for example a crown ether to solubilize the. alkali tnetal salt if necessary, 
followed by a metathesis reaction with the con-esponding halide salt of the cation. A**-. 
Certain of the cocatalysts are also amenable to preparation via a^one step, single reactor 
process. For example, the ammonium- or phosphonium-;Substituted hydroxyl group or 
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^ , quiescent reactive group- substituted, imidiazolide salts can be prepared by contacting the 
Lewis acid, J*, or its Lewis base adduct, such as an etherate, with the neutral compound 
corresponding to the anion, 2*. Both reactants are desirably relatively lipophilic, such that 
the reaction can be perforrried in non-polar solvents. Addition of the free base 
5 corresponding to the cation, A***, results in formation of the charge separated species, 
which may be recovered from the reaction mixture by devolatilizatlon or used without 
further purification. ' 

The corresponding reactive hydroxy!-, thiol, amine, or phosphine 'containing 
compound (or its metal or ammonium salt derivative) may be generated or produced in 
10 situ by reaction of the quiescent reactive groups of the present compounds with any 

suitable reactant, such as a hydrocarbon, a metal fluoride, an ammonium fluoride, or an 
acid, thereby removing the capping or protecting group(s). ' 

Due to the presence of the hydroxy! group or quiescent reactive functionality in 
, the compounds of the present invention, or reactive derivatives thereof, the preserit 
15 compounds may be readily attached to a reactive substrate, such as a particulated solid 
■ containing reactive hydrbcarbyl groups, especially hydrocarbylmetal- or 
hydrocarbylmetalloid- functionality. Examples include alumina, silica, alumlnosillcates, 
and aluminum magnesium silicate materials, 'containing reactive hydroxyl- or hydrocarbyl- 
functionality, and such materials treated'with any substance to impart reactive metal- 
20 ' hydrocai-byl or metalloid-hydrocarbyl functionality. Examples of such ti-eatihg substances • 
include trihydrocarbyl aluminum compounds, chlorosilane compounds, and mono- or di- 
hydrocarbylsilane compounds that react with a portion or all of reactive suriface hydroxyl 
functionality of the substrate to form a "capped" derivative:. This technique is known in 
the art and disclosed for example in..USP 6,087j293. ^..-..i - 

25 Suitable catalysts for use in combination with the foregoing cocatalysts include 

• any compound dricomplex of a metal of Groups 3-1 0 of the Periodic Table of the 

Elements capable.of being activated Id polymerize ethyl en ically unsaturated compounds 
• by the present activators. Examples.- Include Group 1 Q diimine derivatives corresponding 
to the formula: 

I M*K2 

■ ^ .•• .. ••• ■■■ ■■■ :• ■■■■ ■■ 

30. • . .... .. . •, ., : . - .:. .r.-- : . 

wherein -c . ; . r- - a . . . . :.;■• 

M* Is Ni(M) or Rd(ir); • . . .. ^ . . 
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K is halo, hydrocarbyl, or hydrocarbyloxy; 
and the two nitrogen atoms are linked by a bridging sysiem/ ' 
Such catalysts have been previously disclosed in J. Am. Chem. Snr. ns 267- 
268 (1996), J. Am. Chem. Son, , 117. 641.4 -6415 (1995), .and Oraanometallin.. 16, 1514- 
1516,(1997). . ^ ■ 

.Additional, catalysts Include derivatives of Group 3. 4, or Lanthanide metals which 
are m the +2. +3. or +4 formal oxidation state. Preferred compounds -include metal 
complexes containing froni 1 to 3 n-bonded anionic or neutral ligand groups, which may 
be cyclic or non-cyclic delocalized .^-bonded anionic ligand groups. Exemplary of such n- 
bonded anionic ligand groups are. conjugated or nonconjugated, cyclic or non-cyclic 
dienyi groups, allyl groups, boratabenzene groups, phosphole. and arene groups By the 
term Vbonded" is meant that the ligand group Is bonded to the transition metal by a 
shanng of electrons from a partially delocalized n-bond. 

Each atom in the delocalized 7c-bonded group may independently be substituted 
with a radical selected from the group consisting of hydrogen, halogen, hydrocarbyl 
halohydrocarbyl, hydrocarbyl-substituted metalloid radicals wherein the metalloid is 
selected from Group 14 of the Periodic Table of the Elements, and such hydrocarbyl- or 
hydrocarbyl-substituted metalloid radicals further substituted with a Group 15 or 16 hetero 
atpm cpntaining moiety. Included within the term 'hydrocarbyr are Ci 20 straight 
branctied and.cypiiq alkyi radicals, C6.20. aromatic radicals. C7.20 alkyl-substituted 
aromatic radicals, and Cj.zq, arylrsubstituted alkyI radicals. In addition two or more such 
radicals may together fomi a^fu^ed ring system, including partially or fully hydrogenated 
fused nng systems, or they may form a metallocyole with the metal. Suitable 
hydrocarbyl-substituted organometallold radicals include mono-, di- and tri-substituted 
organometalloid radicals.of Group 14 elements wherein each ofthe hydrocarbyl groups 
contains from 1 to 20 carbon atoms, .Examples, of suitable hydrocarbyl-substituted 
organometalloid radicals include trimethylsilyl. triethylsilyl. ethyldimethylsilyl 
methyldiethylsilyl, triphenylgermyl. and trimethylgemiyl groups. Examples of Group 15 or 
16 hetero atom containing moieties include amine, phosphine. ether or thioether moieties 
or divalent derivatives thereof, e. g. amide, phosphide, ether or thioeth'er gmups bonded 
to the transition metal or Lanthanide metal, and bonded to the hydrocarbyl group or to the 
hydrocarbyl- substituted metalloid containing group. 

Examples 6f suitable ariioriic, delocalized Tc-bonded 
cyclopfenfadienyl. indefnyl. fliibl-6i^yl, tetrahydrdindenyi; tetrai^ydro^ubrehyl 
■ octahydrofRibi-enyl. •peritafll&^;- c^doheScadlei^/tSijyibio&thia^ ' ' 
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hexahydroanthracenyl. decahydfoanthracenyl groups, phosphole. and boratabenzene 
groups, as well as hydrocarbyl- silyl- (including mono-, di-, or tri(hydrocarbyl)silyl) 
• substituted derivatives thereof: Preferred'aniorilc, delocalized 7r-bonded groups are 
■ cyclopentadienyl. pentamethylcyciopentadienyl, tetramethylcyciopentadienyl, 
5 tetramethyl(trimethylsllyl)-cyclopentadienyl. indenyl, 2.3-dimethyIindenyl. fluorenyl, 2- 
methylindenyl, 2-methyl-4-phenylindenyl,.t6trahydrofliJorenyl, octahydrofluorenyl, and 
... tetrahydroindenyl. . . . ■ . ; 

The boratabenzeries are anionic ligands that are boron containing analogues to 
benzene. They are previously known in the art having been described by G. Herberich, 
10 et ai.. in Organometaliics,' 14,1 . 471-480 (1995). Preferred boratabenzenes correspond 
to the formula: 




; . . wherein R" is selected from the group consisting of hydrocarbyl. silyl, N.N- . 

dihydrocarbylamino, or germyl, said R" having up to 20'nbn-hydrogen atomsi In 
15 • complexes. involving divalent derivatives of sucri ddiocklized Tx-bohded groups one atom 
• thereof is bonded by means of a covaleht bond or a covaieritiy bonded divalent group to 
■ another atom of the complisx thereby forrhirtg a bridged system. 



Phospholes are anionic ligandsi that ace phosphorus containing analogues to a 
. cyclopentadienyl group. They are previdusly^kriown in the ail having been described by 
20 . •^NO 98/50392, and elsewhere:" Preferred' phosphole ligands corresporld to the formula: 




wherein R" is selected from the group consisting of hydrocarbyl, silyl, N,N- 
dihydrocarbylamino. or germyl, said R" having up to 2p.non-hydrpjgen atoms, and 
optionally one or rjiore.R" groups may bp boi;ided together. forn?ing a niulticyclic fqsed 
25 ring system, or form a bridging group connected to the metal. In complexes involving 
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divalent derivatives of such delocalized 7c-bonded groups one atom thereof Is bonded by 
means of a covaient bond or a covalently bonded divalent groufi'tb bnother atom of the 
complex thereby forming a bridged system. 

Phosphlnlmlne/ cyclopentadienyl complexes are disclosed in EP-A-890581 and 
cx)rrespond to the formula [(R***)3-P=N]bM**(Cp)(Ll )3.b. wherein- 

R*** is a monovalent ligarid, illustrated by hydrogen, halogen, or hydrocarbyl, or 
two R*** groups together form a divalent ligahd, 
M** is a Group 4 metal, 

Cp is cyclopentadienyl, or similar delocalized 7i-bonded group, 
. L1 is a monovalent ligand group, illustrated by hydrogen, halogen or hydrocarbyl. 
-b is a number from 1 to 3; and . 
. . n.ls 1 or 2.. . , 

A suitable class of catalysts are transition metal cbmplexes corresponding to the 
formula: * . - . . ■ 

Lp|MXmX'nX"p, or a dimer thereof ^ • ■ 

.wherein: 

Lp is an anionic, delocalized, n-bonded group that is bound to M, "containing up to 
50 non-hydrogen atoms, optionally two. Lp groups may be joined together forming a 
bridged structure, and further optionally one Lp may be bound to X; 

M is a metal of Group 4 of the Periodic Table of the Elements In the +2, +3 or +4 
formal oxidation state; - • V 

X,ls an optional, divalent group of up to 50 non-hydrogen atoms that together with 
Lp forms a metallocycle with M; 

X' is an optional neutral ligand having up to 20 non-hydrogen atoms; 

X" each occurrence is a monovalent, anionic moiety having up to 40 non- 
hydrogen atoms, optionally, two X" groups may be covalently bound together forming a 
divalent dianionic moiety having both valences bound to M, or, optionally 2 X" groups 
may be covalently bound together to form a neutral, conjugated or nonconjugated diene 
that is 7i-bonded to M {whereupon.M is in the. +2 oxidation state), or further optionally one 
or more X" and one or more X' groups may be bonded together thereby forming a moiety 
that is both C9yalently bound to M and coordinated thereto by means of Lewis base 
functionality; . • . 
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j is Q, 1 or 2; . . . ... 

m is 0 or 1 ; 

n is a number from 0 to 3; 

p is an integer from 0 to 3;: and . • • - 

the sum, J+m+p, is equai to the formal oxidation state of M, except when 2 X" 
groups together form a neutral conjugated or non-conjugated diene that is 7c-bonded to 
M, in which case the sum l+m is equal to the formal oxidation state of IVt. 

Preferred complexes include those containing either one or two Lp groups. The 
■ latter complexes include those containing a bridging group linking the two Lp groups. 
Preferred bridging groups are those corresponding to the formula (ER*2)x. B(NR**2), or 

B(NR**2)2. wherein E is silicon, germanium, tin, or carbon, R* independently each 
.. occurrence is hydrogen or a group selected from silyl, hydrocarbyl, hydrocarbyloxy, and 
combinations thereof, said R* having up to 30 carbon or silicon atoms, R** independently 
each occurrence is a group selected from silyl, hydrocarbyl, and combinations-thereof, 
said R** having up to 30 carbon or silicon atoms, and x is 1 to 8. Preferably. R* 
independently each occurrence is methyl, ethyl, propyl, benzyl, butyl, phenyl, methoxy, 
ethoxy, or phenoxy, and R** is methyl, ethyl, propyl, benzyl or butyl. 

• Examples of the complexes containing two Lp groups are compounds 
corresponding to the formula: -•• ' i * 




(R*2E) 




R**2NB 



or 




MX- 



25 



(III) 



M is titanium, zirconium on hafnium, preferably zirconium or hafniurh, in the +2 or 
+4 formal oxidation state; ^ - - 

R in each occurrence independently is selected from the group consisting of 
hydrogen, hydrocarbyl, silyl, germyl, cyano, halo and combinatiohs'thereof. said having 
up to 20 non-hydrogen atoms, or adjacent R^ groups together form a divalent derivative 

' ' -16- 
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(that is. a hydrocarbadiyl. siladiyi or germadlyl group) thereby forming a fused ring system, 
and 

X-; independently each occurrence is an anionic ligand group of up to 40 non- 
hydrogen atoms, or two X" groups together form a divalent anionic ligand group of up to 
40 non-hydrogen atoms or together are a conjugated diene having from 4 to 30 non- 
hydrogen atoms forming a 7t-complex with M. whereupon M is in the +2 formal oxidation 
state, and 

R*. R". E and x are as previously defined, preferably (ER*^), is dimethylsilandiyl or 
ethylene, and BNR"^ Is di(isopropyl)aminoborandiyl. 

The foregoing metal complexes are especially suited for the preparation of 
polymers having stereoregular molecular structure: In such capacity it is preferred that ' 
the complex possesses symmetry or possesses a chiral. stereorigid structure 
Examples of the first type are compounds possessing different delocalized 7t-bonded 
systems, such as one cyclopentadienyl group and one fluorenyl group. Similar systems 
based on Ti(IV) or Zr(IV) were disclosed for preparation of syndiotactic olefin pdlymers in 
Ewen. et al.. J. Am. Chem. Son. no, 6255-6256 (1980). Examples of chiral structures 
include rac bis-indenyl complexes. Similar systems based on Ti(IV) or Zr(IV) were 
disclosed for preparation of isotactic olefin polymers in Wild et aLiJ^^ffianometChem 
232,233-47.(1982). . ^ vmBi.wnpm , 

Exemplary bridged ligand^ containing two 7t-bonded groups are- " 

dimethylbis(cyclopentadienyl)sildne,dim^thylbis(tetramethylcyclopentadienyl)silane 
dimethylbis(2-ethylcyclopehtadfeh^:i:y|)silane;dimethylbis(2-t-butylcycioperitadien-1- 
yl)s.lane, 2,2-bis(tetramethylcyciopentadienyl)prapane. dimethylbis(inden-i-yl)sllane 

dimethylbis(tetrahydroinden-1-yl)silane, •dimethylbis(fluoren-1-yl)sllane' ' ' 
dlmethylbis(tetrahydrofluoren-1 -yl)silahe, dimethylbis(2-methyl-4-phenylinden-1 -yl)- 

silane. dimethylbis(2-methylinderi-1 -yl)silane. di(isop.'opyOaminobis{cyclopentadien-1. 
yl)borandiyl.di(isopropyl)aminobis(2-melhVli4-phenylinden-1-yl)-borandiyl 

di(lsopropyOaminobls(2:methyliniien-1-yl)borandiyl,dimethyl(cyclopentadienyl)(fluore^ 
yl)silane.dimethyl(cyclopentadienyl)(octahydroflubren-i:yl)silane, 
dimelhyl(cyolopentadienyl)(tefrahVldroflu6ren-1 i yl)silane (1 , 1 . 2, 2-tetramethy)-l 2- 
b.s(cyclopentadienyl)disilahe; (1 . '2-bis{cycl6peritadienylpthane, and " 
dimethyl(cyclopentedieny|j:i^^^^^^^ . • 

, : ..Preferred X-grpyps are selected, from hydride, hydrocarbyl. silyl, germyl 
^^'^m^>}}^°^^^m?y<irocarby^ and am/nohydrocarbyl groups ortwo'x" 
groups together fomi a divalerit derivajiye of. a conjugated d|ene,or else together they 
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form a'heutral, '71-bonded, conjugated diene. Most preferred X" groups are C1.20 
hydrocarbyl groups. 

Complexes containing tWo Lp groups including bridged complexes suitable for 
= use in the present Invention include: " 

5 bis(cyclopentadienyl)zirconiumdimethyl, 
bis(cycIopentadienyI)zirconlum dibenzyl, 
bis(cyclopentadienyl)zirconium methyl benzyl, 
' bis(cyclopentadieny!)zirconlum methyl phenyl, 
bis(cyclopentadienyl)zirconiumdiphenyr, 
10 .bis(cyclopentadienyI)titanium-allyl, 

- bis(cyclopentadienyl)zirconiummethylmethoxlde, ■ • ' 

■ bis(cyciopentadienyl)zirconiummethylchloride, 

. bis(pentamethylcyclopentadlenyl)zirconlumdimethyl, : . > . * • 
bis(pentamethylcyclopentadienyl)titaniumdimethyl, 
15 . bis(indenyl)zlrconiumdimethyl; 

indenylfluorenylzirconiumdimethyl, - 

bls(indenyl)zirconiu.mmethyl(2-(dimethylamino)benzyl), • • 

• ... bis(indenyl)zirconlummethyltrimethylsilyl,- . 

bis(tetrahydroindenyl)zirconiummethyltrimethylsilyl, 
20 bis(pentamethylcyclopentadienYl)zircpniurTimethylbenzyl, 
bis(pentamethylcyclopentadienyl)zirconlurndibenzyl, 
bis(pentamethylcyclopentadienyl)zirconiummethylmethoxide,, 
. bis(peritamethylcyclopentadienyl)zirconiummethylchloride, ^ . 
bis{methylethylcyclopei;itadienyI)zirconiumdimethyl, . . . 
25 bis(butylcyclopentadienyl)zirconiunridibenzyl,. 
bis(t-butylcyclopentadienyl)zirconiumdimeth^ . 
bis(ethyltetramethyIcyclppentadienyl)zirconiumdimethyl. 
bls(methylpropylcyclopentadienyl)zirconiumdlbenzyli 
bis(trimethylsilylcyclppentadienyl)zirconiumdibenzyl, 
dimethylsilyl-bis(cyclopentadienyi)zirconiumdimethyl, . 
dimethylsilyl-bis(tetramethylc^^^ 
dimethylsilyl-bis(t-butyICYClopentadienylX^^ 

dimethyls!lyl-bis(n-butylcyclopentadienyl)2irconium bis(trimethylsilyl). 
(methylene-bls(tetramethylGycIopentadienyl)tita^^ 2-(ciinlethylamino)benzyl, 
35 (methylenerbls(n-butylcyclopentadienyl)tltaniamOliy^-(dim 
dimethylsilyl-bis{indenyl)2ircbnlunibi5n25)'lchl6rid^^^^ 
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dimethylsilyl-bis(2-methylinclenyl)zirconiumclimethyl, . . . 

dimethylsilyl-bis(2-methyl-4-phenylindenyl)2irconiumdirnethyl, ' 

dimethylsilyl-bis(2-melhylindenyl)zirconlum-1.4-diphenyl-1.3-butadiene 

d,methylsilyl-bis(2-melhyl-4-phenylindenyl)2irconium (11) 1 .4-diphenyM .3-butadiene 
d.methylsilyl-bis{telrahydroindenyl)zirconium(ll) 1 .4-diphenyl-1 .3-butadiene 

di(isopropylamlno)borandiylbis(2-methyl-4-phenylindenyl)zirconium dimethyl : 
dimethylsllyl-bls(tetrahydrofluorenyl)zirconium bis(trimethylsilyl), 

(isopropylidene)(cyclopentadienyl)(fluorenyl)zirconiumdibenzyl,'and 
dimethylsilyl(tetramethylcydopentadienyJ)(fluorenyl)zirconiumdimethyl. 

to the ntr'frl'n ' ?' "'^H^^'^P'^'^^s «««zed in the present invention corresponds 
to the preceding formula Lp,MX^X-nX»p. or a dimer.thereof. vyherein X is a divalent 

group of up to 50 non-hydrogen atoms that together with Lp forms a metallocycie with M. 

Preferred divalent X groups include groups containing up to 30 non-hydrogen 
atoms comprising at least one atom that is oxygen, sulfur, boron or a member of Group 
14 Of the Periodic Table of the Elements directly attached to thedelocallzed K-bonded • 
group, and a different atom, selected from the group consisting of nitrogen, phosphorus 
oxygen or sulfur that is covalently bonded to M. . • 

A preferred class of such Group 4 metal coordination complexes used according 
to the present invention-corresponds to the formula: 




R^. ... .R. 



3 ' 



wherein.' 



Mis titanium or zirconium, preferably titanium inthe +2, +3, or Mfomial 
oxidation state; 

V . R« in each occurrence independentiy is selected from the group consisting of 
25 hydrogen, hydrocarbyi. silyl. germyl, cyano. halo and combinations thereof, said 

havmg. up to 20 non*ydrogen.dtoms, or adjacent R' groups together font, a divalent 
. denvative(that is, a hydrocartoadiyl, siladiyi or germadiyi group) thereby forming a fused 
nng system, 
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each X" is a halo, hydrbc^rbyl. hydrocarbyloxy or silyl group, said group having 
up to 20 non-hydrogen atoms, or two X" groups together form a neutral €5,30 

conjugated diene or a divalent derivative thereof; • 

Y is -0-, -S-, -NR*-, -PR*-; and . / . 

5 Z is SiR*2, CR*2, SiR*2SiR*2, CR*2CRV, CR*=CR*. CR*2SjR*2, GeR*2. or B(NR**2) 

wherein R* and R** are as previously defined. 

Illustrative Group 4* metal complexes of the latter formula that may be employed 
in the practice of the preseM invention include: 

cydopentadienyltitaniumtrimethyl, 
iO indenyltitaniumtrimethyl, 

octahydrofludrenyltitaniumtrimethyl. 
tetrahydroindenyltitaniumtrimethyl, 
tetrahydrofiuorenyltitaniumtrimethyl, 
. . (tert-butylamido){1.1-dimethyl-2,3,4.9,10-Ti-1 ,4,5,6,7,8- 
15 hexahydronaphthalenyl)dimethylsilanetitaniumdimethyl, 
(tert-butylamido)(1 ,1 .2.3-tetramethyl-2,3.4,9,10-Ti-1 .4,5,6,7.8- 

hexahydronaphthalenyl)dimethylsllanetitaniumdirnethyl, . . 
(tert-butylamido)(tetramethyl-Ti®-cyclopentadienyl) dimethylsilanetjtam dibenzyl, 
(tert-butylamido)(tetramethyl-Ti®-cyciopentadienyl)dimethylsilanetltanium dimethyl, 
20 (tert-butylamido)(tetramethyl-Ti®-cyclopentadlenyl)-1,2-ethanediyltitanlum dimethyl, 
(tert-butylamido)(tetramethyI-Ti®-indenyl)dimethylsilanetitanium dimethyl, 
(tert-butylamido)(tetramethyl-Ti^-cyclopentadienyl)dimethylsilane titanium (111) 

2-(dimethylamino)benzyl; 
(tert-butylamido)(tetramethyl-Ti®-cyclopehtadienyl)dimethylsilanetitanium (III) allyl. 
25 (tert-butylamido)(tetramethyl-r|^-cyclopentiadienyI)dimethylsilanetitanium (III) 
2,4-dimethylpentadienyl, 
(tert-butylamido)(tetramethyl-T|®-cyclopentadienyl)dimethylsilanetitanium (II) 

1 ,4-diphenyl-1 ,3-butadiene, 
(tert-butylamido)(tetramethyl-T|^-cycropentadienyl)dimethylsilanetltahium (II) 
30 1 ,3-pentadiene, 

(tert-butylamido)(2-methylindenyl)dlrnethyisilanetitanium.(ll) 1 ,4-diphenyl-1 .3- 

butadiene, • • . > •* 

(tert-butylamidp)(2-methylindenyl)dimethylsilanetitanium (II) 2,4-hexadiene, 
(tert-butylamidp)<2-methylindenyl)dimethylsilanetltanium (IV) 2,3-dimethyl-1 v3- 
35 butadiene, 
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(tei1-butylamrdo)(2-methylfndenyl)djmethyIsilan^^^^^ 
(tert-butylamido){2-methyliridenyl)dimethylsilanetltanium (IV) 1 ,3-butadlene, 
(tert-butylamido)(2,3-dimethyiindenyl)dimethylsllanetitanium (IV) 
2.3-dimethyl-1 ,3-butadiene, 

5 (teil-butylamldo)(2,3-dimethyIindenyl)dimethylsilanetitanium (IV) Isoprene 
(tert-butylamido)(2,3-dimethy|jndenyl)dlmethylsilanetitanium (IV) dimethyl 
(tei1-butylamido)(2,3-dimethylindenyl)dimethylsllanetitanium (IV) d.ibenzyl 
(tei1-butylamido)(2,3-dimethylindenyl)dimethylstlanetitanium (ivj 1 ,3-butadiene. 
(tert-butylamido)(2,3-dimethylindenyl)dimethyls.ilanetitanium (II) 1 ,3-pentadlene, 
1 0 (tert-butylamido)(2,3-dlmethylindenyl)dlmetliylsiianetitanium (II) 1 ,4-diphenyl- 
1 ,3-butadiene, 

(tert-butylamido)(2-methyI^ (II) i ,3-pentadiene, 

(tert-butylamido)(2-methylindenyl)dimethyIsilaneti^^^^ (IV) dimethyl, 

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) dibenzyl, 

1 5 (tert-butylamldo)(2-methyl-4.phenylindenyl)dimethylsllanet^ (II) i ,4-drphenyl- 
1 ,3-butadiene, 

{tert-butyIamido)(2-methyl-4-phenylindenyl)dimethylsilanetitanium (II) 1 ,3-pentadiene, 

; (tert-butylamido)(2-methyl-4-phenylindenyl)dimethylsilanetitanium (II) 2,4-hexadiene, 

(tert-butylamido){tetramethyl-ii^-cyclopentadienyl)dimethyl-silanetitanium (IV) 
20 1,3-butadiene. 

(tert-butyIamIdo)(tetramethyl-Ti^-cyclopentadienyl)dimethylsiIaneti^^ (IV) 

2.3- dimethyl-1 ,3-butadlene; *; 

• (tert-butylamldo)(tetraniethy^^-cyclopentadienyl)dlmmhylsilanetitanium (IV) 
isoprene,- ■ . , . ' 

-r. 

25 (tert-butylamido)(tetramethyl-ii^-cydopeHtadienyl)dlmethyI-silanetrta^ 

1 .4- diben2yl-1 ,3-butadiene, 

(tei1.butylamido)(tetramethy^Ti^-cycI6pentadlenyl)dimethylsilanetitanlum(II) 
, .2,4-hexadiene, . . . • . , " / . - i .- . 

. (tert-butylamido)(tetramethyI-n^-cyclopentadienyl)dimethyl- silanetltanium (II) 
30 3-methyM,3-pentadlene, 

(tei1-butYlamido)(2.4-dimethylpent^di^^ - 

/tert-bfJtyl^niido)(6,e-dimethylGycte 

(tert-butylamido)(i , 1 -dlmethyl-2.i3.4,9. 1 0-^-1 ,4.5,6,7,8-hexahydronaphthalen-4- 
. yl)dimethylsiianetitaniumdlm^^ 

35 (tert-butyIamido)(1 ,1 ,2.3'.tetramethyl-2,3,4;9,1 0-n-1 .4,5,5,7,8:hexahydronaphthalen.4- 
yl)dimethylsilanetitanlumdimethyl 
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(tert-bulylam'ido){te}tramethyl-Ti^-cyclopentadie (IV) 
dimethyl, 

{tert-butylamldo)(tetramethyi-Ti®-cyclopehtadienyrmethylpheny^ (11) 
1 ,4-diphenyl-1 ,3-butadiene. 
5 1 -(tert-butylatTildo)-2-(tetramethyl-Ti®-cyclopentadi^ (IV) 
dimethyl, . . » • . 

1-(tert-butylamldo)-2-(tetramethyl-n^^<Jyclopentadieny^ titanium (II) 1,4- 

diphehyl-1 ,3-butadiene, 

(tert-butylamid6){3-(N-pyrfolyl)indenyl)dimethyisilanetitani^ (IV) 2.3<iimethyl-1 .3- 
10 butadiene, 

(tert-butylamido)(3-(N-pyn'olyl)lndenyl)dlmethylsilanet!tanium (IV) isbprene 
(tert-butylamido)(3-(N-pyrrblyl)lndehyl)dimethylsilanetitanium'(IV) dimethyl 
(tert-butylamido)(3-{N-pyrrolyl)indenyl)dirhethylsiIanetitanium (iv) dlbenzyl 
{tert-butylamido)(3-(N-pynolyl)ind*enyI)dimethylsilarietitanium (IV) 1 ,3-butadiene, 
15 (tert-butylamido)(3-(N-pynolyl)indenyi)dimethyisilanetitanium (II) 1 ,3-pentadiener • 
{tert-butylamido)(3-{N-pyrrolyl)indenyl)dimethyIsilanetitanium (II) 1 ,4-diphenyl- 
1 ,3-butadiene, and 

{tert-butylamido)(3-N-pyrrolidinyiinden-1-yl)dimethylsilanetitahium (IV) dinriethyL 

Other catalysts, especially catalysts containing other Group 4 metals, will, of 
20 course, be apparent to those skilled in.the art. ; Most highly preferred metal complexes for 
use herein are the following metal complexes: 

. (t-butylamido)dlmethyl(tetramethyIpyclopentadienyl)silanetitanium dimethyl, 
(t-butylamido)dimethyl(tetramethyIcyclopentadienyl)silanetitanium (II) 1 ,3-pentadiene. 
(t-butylamldo)dirnethyl(tetramethyIcyctopentadieny!)silanetitanium (II) .1 .4 dlphenyl-1 ,3- 
25 butadiene, ; \ - . ? . . 

(cyclohexylamido)dimethyl(tetramethyleyGlopentadienyI)silanetltanlum dimethyl, 
cyclohexylamido)dlmethyl(tetramethylcyclopentadienyl)silanetltanium (II) 1 ,3-pentadlene, 
cyclohexylamldo)dimethyl(tptramethyJcydopentadienyl)silanetitanujm (11) 1 ,4 diphenyl- 
1-,3-butadiene, 

30 (cyclododecylamido)dlrhethyl(tetramethylcyclopehtadi 

(cyclododecylamido)dimethyr(tetramethylcyblbpem^ 1 .3- 

pentadiehe, ' ' - •:.'...•«*..•.'•• 

(cyclododecylamido)dimethyl(tetramethylcyclbperitadlenyl)silanetitanium (11) 1 ,4 diphenyl- 
i ,3-butadierie, ' " ■ ' • " • " ' 
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(t-butylamido)dimethyl(2-methyl-s-indacenO-yl)silanetitanium dimethyl. 
(t-butylamido)dimethyl(2-methyl-s-indaoen-1-yl)silanetitaniumVll)i;3-pentadiene 

(t-butylamido)dimethyl(2-methyl^-indacen-1-yl)silanetrtanium (II) 1.4 dlphenyl-1 .3- 

butadiene, 

(cyclohexylamido)dimethyl(2-methyl-s-lndacen-1.y|)silanetitaniumdlmethyl , 
cyclohexylamido)dlmethyl(2-methyl-s-indacen-1-yl)silanetitanium(ll)1.3-pentadte^ 

cyclohexylamido)dimethyl(2-methyl-s-indacen-1-y|)silanetltanium(ll) 1 .4 diphenyl-1 3- 
butadiene, 

(cyclododedylamido)dimethyl(2-methyl-s-indacen-1-yl)silanefltanium dimethyl 

(cyclodcKlecylaniido)dlmethyl(2-methyl-s-indWl-yl)sllanetitanlum(ll)i,3-p;ntadiene 

('y^ododecylamido)dimethyl(2-methyl-SHndac»n-1-yl)silanetitanium{ll)l,4diph 

butadiene,' ■ ' >■■■....■■ ' ' 

(t-butylam.ido)dimethyl(3.4-(cyoloper)ta(/)phenanthren-1-yl)sil^^^ 
dimethyl, ' 

(t-butylamido)dlmethyl(3.4-(cyclopenta(/)phenanthren-1 -yl)sllanetitanium(ll) 1 .3- 
pentadiene, 

(t-butylamido)dimethyl(3.4-(cyclopenta(/)phenanthren-1-yl)silanetitanium(ll) 1 ,4 diphenyl- 

1.3-butadiene, 

(cyclohexylamido)dlmethyl(3,4-(cyclopenta(0phenanthren-1-yl)sllanetitaniumdimet 
cy°'ohexylamido)dimethyl(3.4-(cyclopenta(/)phenanthren-l.y|)silanetitanium(ll) 1 3- * 
pentadiene. cyclohexylamid6)dimethyl(3,4-(cycl6penta(-)phenanthren-1- 

yl)silahetitanium(ll) i ,4 diphenyl-1 ,3-butadiene. 
(cyciododecylamido)dimethyl(3.4-(cyclope^^^ 

(cyclododecylamido)dimethyl(3.4-(cyclopenta(/)phenanthre,^-1 -yl)silanetitanlum(ll) 1 3- 
pentadiene, ' ' ' ■ ' 

(cyclododecylamido)dimethyl(3.4:(cyclbpehta(/)pherianthren-1 -yl)silanetitanium(ll) 1 4 
diphenyl-1 ,3-butadiene, ■ ' 

(t-butylamido)dimethyl(2-methyl-4-phenyl|nden-1-yl)sll^^^^^^ dimethyl 
(t-butylamido)din,ejhyl(2-mpthy(-hp,henylin 

(t-butylamldo)dimethyl(2-methyl-4-phenyllnden:i-yl)silanetitanium(ll) i .4 diphenyl-1 .3- 
, . butadiene, ... 

(cyclohexylamido)dimethyl(2-methy|:4ihenylinden-i-yli^^^^ 
cyclohexylamido)dimethyl(2-methy|.4-phenyn^^^^^ 

cyclohexylamido^^^^^^^^^ 1.4 diphenyl- ' 
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'lls-biit^diene,' 

{cyclododecylamido)dimethyl(2-methyl-4-phenylinden-1 -yl)silanetitanium dimethyl, 
(cycl6dodecylamido)dimethyl(2-methyl-4-phenylinden-1 -y!)silanetitanium{ll) 1 ,3- 
pentadiene, 

5 {cyclododecylamido)dimethyl(2-methyl-4-phenylinden-1 -yl)silanetitanium(ll) 1 ,4 diphenyl- 
* * 1,3-butadiene, 

(t-butylamido)dimethyl(2-methyl-4-phenylinden-1-yl)silanetitanium dimethyl, 
(t-butylamido)djmethyl(2-methyl-4-phenylinden-1-yl)silanetitanium (II) 1 ,3-pentadiene, 
(t-butylamido)dimethyl(2-methyl-4-phenylinden-1 -yl)sllanetltanium (II) 1 ,4 diphenyl-1 ,3- 
1 0. butadiene, 

(cyclohexyIamido)dlmethyl(2-methyl-4-phenyllnden-1 -yOsllanetitanium dimethyl, 
cyclohexylamido)dimethyl(2-methyl-4-phenyllnden-1 -yl)si!anetitanium(ll) 1 ,3-pentadiene, 
cyclohexylamidojdimethyl(2-methyl-4-phenyllnden-1 -yl)silanetitanlum(ll) 1 .4 diphenyl- 

1 ,3-butadiene, 

15 (cyclododecylamido)dimethyl(2-methyl-4-phenynnden-1-yl)silanetitanlum dimethyl, 
(cyclododecylamido)dimethyl(2-methyl-4-phenylinden-1 -yl)silanetitanium(ll) 1 ,3- 
pehtadiene, 

(cyclododecylamido)dlmethyl(2-methyl-4-phenylinden-1-yl)silanetltanlum(ll) 1 ,4 diphenyl- 
1 ,3-butadiene, 

20 (t-butyIamido)dimethyl(3-(1-pyrrolid|ny!)in(;Jen-1-yl)sllanetrt^^ dimethyl, 

(t-butylamido)dimethyl(3-(1 -pyrroliciinyl)inden-1 -yl)silanetitanjum(ll) 1 ,3-pentadiene, 
(t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)s^ 1,4 diphenyl-1 ,3- 

butadiene, 

(cyclohexylamido)dimethyl(3-(1 -pyrrolidlnyl)inden-1 -yl)silanetitanium dimethyl, 
25 cyclohexylamido)dimethyl(3-(1-pyrrolidin);l)inden-1-yl)silanetitanium(ll) 1 ,3-pentadiene, 
cyclohexylamido)dimethyl(3-(1 -pyrrolidinyl)lnden-l-yl)snanetitanium(ll) 1 ,4 diphenyl- 
1 ,3-butadiene, 

(cyclbdodecylalmidd)dimethyl(3-(1 -pyrrolidihyI)lnden-1 -yl)silanetitanium dimethyl, 
(cyclododecylaniido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)sil^ 
30 ■ ' ■ pent^di^he, ' ' " " * ' *'* ' * * ' " ■ ' 

(cyclododecylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(ll) 1 ,4 diphenyl- 
1,3-butadiene; * ' " ' ' ' '* * * " ' ' ■ 

(t-butylamido)dimethyl(3-{1 -pyrrQlidinyl)inclen-1 -yl)sllanetitan|urn dimethyl, 
(t-butylamido)dimethyl(3-(1-pyrrolldinyl)lnden-1-yi)sllanetitanium (II) 1 ,3-pentadiene, 
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(t-butylamido)dimethyl(3-(1-pyrrolidinyl)inden-1-y|)siIanem^^^ (II) 1,4 diphenyM,3- 
butadiene, ■ ' ■ .. • : ... •; \ ■ . . ■ 

(cyclohexylamido)climethyl(3-(1 -pyrrolidinyl)inden-1 -yl)silanetitaniurn dimethyl 

cyclohexylamido)dimethyl(3-(1.pyrrolidinyl)inden-1-y|)silanetitanlum(ll)l.3-pentadiene 

cyclohexylam.do)dimethyl(3-(1-pyrrolidinyl)inden-1-yl)silanetitanium(ll)1.4diphenyl- ' 

1,3"butadiene, 

(cyclododecylamido)dimethyl(3-(lipyrrolidinyl)inden-1-yl)silanetitaniuni dimethyl 

(cyclododecylamido)dimethyl(3-(1-pyrroiidinyl)iriden-i:yl)silanetitdnium(ll)l.3- ' 

pentadlene, . • 

(cyclododecylamido)dlmethyl(3-{1-pyrron^^^^^^^ , 4 ^..p^, 

1.3-butadliene, 

1,2-ethanebis(inden:1-yl)zirconium dimethyl, ... 
1.2-ethanebis(inden-t-yl)2irconium(ll)1,3-pentadiehe, . 

1.2-ethanebis(inden-1-yl)2irconium{ll)1.4diphenyl-l,3-butadiene. 
1,2-ethanebis(2-methyl-4-phenyIinden-1-y|)zirconlum dimethyl. 
1 .2-ethanebis(2-methyl-4-phenylinden-1 :yl)2irconium(ll) 1,3-pentadlene 

1.2-ethanebis(2-methyl-4-phenylinden-1-y|)zircpnium(ll)l,4diphenyl-1,3.butadiene. 

dimethylsilanebiis(inden-1 -yl)zirconlum dimethyl, 
dimethylsilanebis(indeh-1-yl)zirconium(ll)1,3-pentadiene; ' ■ 

dimethylsilanebis(lnden-1-yi)zirconium(ll) 1 ,4 diphenyl-l .3-butadiene, 
. , dimethylsilanebis(2-methyl-4-phenylinden-1-yl)2irconium dimethyl ' 
. , dimethylsilanebis(2-methyl-4:phenylinden-1-yl)zirconium(il) 1 ,3-pentadiene and 
. d,methylsilanebis(2:m^thyl-4-pheny!lnden:1.yl)zirconium(!l) 1.4 di 

The expanded'ahion cocafelysts of the invention rfiay also be used in 
25 combination with an oligomeric or polymeric alumoxane compound a 
. . tn(hydrocarbyl).aluminum compound, a di(hydrocarbyl)(hydrocarbyloxy)aluminum 
. compound, a di(hydrocarbyl)(dihydrocarbyl-amido)alumlnum compound a 
■■ bis(dihydrocarbyl-amidp)(hydrocarbyl)aluminum compound, a • . • ■ 
di(hydrocart)yl)amido(disilyl)alumlnum compound; a di(hydrocarbyi> 
.3p, an,ido(hydrpc^rbyl)(silyl)a!uminum com^^^ abis(d,ihydrocarbylamido){silyl)aluminum 
... compound, or a mixture of the fpreg.oiog compounds, haying from 1 to 20 non-hydrogen 

^toms in each hydrocarbyl, |,.ydrp(^^^^^ silyl.grpup. 'if desired. These aluminum 
• -^W. ^ "sefully, employed for their beneficial ability to scavenge impurities such 
, .1 . ^. 9^,' }^'.^.?f!m^.P!^.-^ PPlymeriz^tion mixture as wpll as to react with 
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the hydroxyl group or quiescent reactive functionality of the compounds or the reactive 
derivatives thereof. 

Preferred aluminum compounds .include Ci. 20 trialkyi aluminum compounds, 
especially those wherein the alkyi groups are ethyl, propyl, isopropyl, n-butyl, isobutyl, 
5 pentyl, neopentyl, or isopentyl, dialkyl(aryloxy)aluminum compounds containing from 1-6 
carbons in the alkyl group and from 6 to 18 carbons in the aryl group (especially (3,5-di{t- 
butyl)-4Tmethylphenoxy)diisobutylaluminum), methylalumoxane, modified 
methalumoxane, especially isobutyl modified alumoxane, and tri(ethylaluminum)-. 
tris(pentafluorophenyl)borane-, or tris(pentafluorophenyl)aluminum- modified 

1 0 alumoxanes or supported derivatives thereof. (The latter compositions are previously 
known, having been disclosed in W099/15534. Additional species include mixtures of 
aluminum containing Lewis acids as disclosed In pendihg United States Patent 
Applications Serial Number. 09/330673 and 09/330675. The molar ratio of activator to 
aluminum compound Is preferably from 1 :1 Q.OOO to 1 000:1 ; more preferably from 1 :5000 

15 to 1 00:1 . most preferably from .1 :1 00 to 1 00:1 . .0 

The cocatalysts of the present invention are capable of activating a wide variety 
of metal complexes. Moreover, the cocatalysts can be optimized in their ability td^ 
activate different metal coniplexes through combination of anions, Z*, having Lewis base 
sites of varying base strength, arid Lewis acids, J*, having varying a.cidity. Thus, use of 

20 derivatives of weakly basic anions such as dicyanamide, 1 ,2,4-tria2olide and 4,5- . 

dichloroimidazoiide give expanded anion salts which are less active cocatalysts, all other 
variables being the same, than do derivatives of moderately basic anions, such as 
cyanide, azide. benzotriazolide, benzimidazoiide and tetralmidazpylborate, which in turn 
' give less active cbcatalalysts than derivatives of even' rndre basic anions, such as 4,4- 

25 dimethyllmidazolinide, imidazplide, 5,6-dirriethy|ben2irnidazoIide and 2- 
undecylimidazolide. . . , , 

■ . ' The equivalent .ratio-of catalyst/cocatalyst (calculated based on quantity of metal 
in the catalyst and anionic charges on the cocatalyst) employed preferably ranges from 
1 :1 0 to 1 0:1 , more preferably from 1 :5 to 2:1 , mosit preferably from 1 :4 to 1:1. Mixtures 
30 of the activating cocatalysts of the present invention may also be employed if desired. 

Suitable addition polymerizabfe monomers include ethylenically unsaturated 
monomers, ^cetylehic compounds, conjugated or non-conjugated dien'es, aind polyenes. 
Preferred monomers include olefins.^for examples "aipha-olefins having from 2 to 20,000, 
preferably fronh 2 to'20, more pi'eferably from 2 to 8 carbori atoms and combinations of 
35 two or more of such alpha-olefins. ' Particularly suitable alpha-blefins ihclude, for 
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example, ethylene, propylene. 1-butene, 1-pentene. 4-methy!pentene-1.. 1-hexene. 1- 
heptene. 1-octene, 1-nonene. l-decene. 1-undecene, 1-dodeoene[ V-trldecene, 1-' 
tetradecene. 1 -pentadecene, or combinations thereof, as well as long chain vinyl 
terminated oligomeric or polymeric reaction products formed during the polymerization. 
5 and C,6.3o a-olefins specifically addbd to the. reaction mixture in order to produce relatiJely 
long chain branches in the resulting polymers. Preferably, the alpha-olefins are ethylene, 
propene, 1-butene, 4-methyl-pentene-r. 1-hexene. 1-octene. and combinations of 
ethylene and/or propene with one or more of such other alpha-oleflns. Other preferred 
monomers include styrene. halo- or alkyi substituted styrenes. vinylbenzocyclobutene, 
10 .1,4-hexadiene,dicyclopentadiene,ethylidenenorbomene.and1.7-octadiene. Mlxtur^of 
the above-rnentioned monomers may also be employed. 

In general, the. polymerization may be accomplished at conditions well known in 
, the.prior art for Ziegler-Natta or Kaminsky-Sinn type polymerization reactldns. 

Suspension, solution, sluny. gas phase or high pressure, whether employed in batch or 
1 5 continuous forni or other process conditions, may be employed If desired. Examples of 
such well known polymerization processes are depicted in WO 88/02009, U.S. Patent 
Nos. 5,084,534. 5,405.92?, 4.588.790, 5.032.652. 4.543.399. 4,5e4.647.'4.522.987. and 
elsewhere. Preferred polymerization temperatures are from 0-250X. Prefen-ed 
polymerization pressures are from atmospheric to 3000 atmospheres. 

. Suitable processing.conditions include. solution polymerization, more preferably 
continuous solution polymerizajion processes, conducted in the presence of an aliphatic 
or alicyclic liquid diluent, preferably using the unsupported, quiescent reactive 
functionality containing compounds. , By the term "continuous polymerization" is meant 
that at least the products of the polymerization are continuously removed from the 
reaction mixture,, such as for example byixievolatiliz-ation of a portion of the reaction 
mixture. Preferably one or more reactants are also continuously added tb .the ' 
polymerization mixture during the polymerizatipn.. Examples of suitable aliphatic or 
alicyciic liquid diluents include straight and branched-chain C4.,2 hydrocarljons and 
mixtures thereof; alicyciic hydrocarbons such as cyciohexane, cyclpheptane. 
methylcyclohexane, methylcyclbheptarie, and mixtures thereof ■ and pertluori'nated 
hydrocarbons such as perfiuprinated C4.,o alkanes. Suitable diluents also include 
aromatic hydrocarbons (particularly for use with aromatic a-olefins such as styrene or 
• ■ ■ •■ ring alkyl-sUbstituted styrehes) includlhg tblij^ne, ethylbehzene or xylene, as well as 
■ ■• liquid olefins (which may act mdnbni^rs or comonomers)^ including ethylene. 
35 : • propylene, butadiene, cyclopentene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 
1.4-.hexadiene,. 1-octene,- 1-deceneirstyrene; divinylbenzene, allylberizene. and 
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vinyltolueheXihcluding all Isomers alone or in admixture). Mixtures of the foregoing are 
also suitable!" The foregoing diluents rnay also be advantageously employed during the 
synthesis of the metal complexes and catalyst activators of the present invention. 

In most polymerization reactions the molar ratio of cataiystrpolymerizable 
5 compounds employed Js from 10*^^:1 to. 0.1 ;1, more preferably from 10*^^:1 to 10*^1. 

The catalyst composition of the invention may also be utilized in combination with 
at least one additional homogeneous or heterogeneous polymerization catalyst in 
separate reactors connected in Series or in parallel to prepare polymer blends having 
desirable properties. An example of such a process is disclosed in WO 94/00500. 

1 0 Molecular weight control agents can be used" In combination with the present 

' cocatalysts. Examples of such molecular weight control agents include hydrogen, trialkyi 
aluminum compounds or other known chain transfer agents. A particular benefit of the 
use of the present cocatalysts is the iability {depending on reaction conditions) to produce 
narrow molecular weight distribution a-olef in homopolymers and copolymersrjn greatly 
1 5 improved catalyst efficiencies. Preferred polymers have Mw/Mn of less than^2.5, more 
preferably less than 2.3. Such narrow molecular weight distribution polymer products 
. are highly desirable due to improved tensile strength properties. 

The catalyst composition of the present Invention can also be employed to 
advantage in the gas phase polynierizatlon and copoiymefization of olefins. Gas phase 
20. . processes for the polymerization of olefins', espeda:liy the'homopolymerization and 

copolymerization of ethylene and propylene, arid the copoly'merization of ethylene with 
higher alpha.olefins such as, for example, I'-butene, 1-hexene, 4-methyI-1-pentene are 
■ well known in the art. Such processes are used commercially on a large scale for the 
. • . manufacture of high density polyethylene (HDPE)', medium density polyethylene 
25 . (MDPE), linear low density polyethylene (lit:DPE)'and polypropylehe. ' 

The gas phase process employMl can be, for example, of the type which 
" ' emiDloys ai mechanically stirred bed or ai gas fluidized bed as the polymerization reaction 
zone. Preferred Is the process wherein the polymerization reaction is carried out in a 
* vertical cylindrical polymerization reactpr containing a fluidized bed of polymer particles 
30 supported above a perforated plate,' f he fluid^^^ grid, by a flow of fluidisation gas. 

The gas employed to fluidizejhe bed comprises the monomeror monomers to be 
polymerjzed. and also swerves as a heat: exchange medium to remove the. heat of reaction 
^ from the bed.. The hot gases. emerge frpm the top.of the reactor, normally via a*. > 
tranquilization zone,, also known as a velocity reduction .zone, haying a wider diameter 
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than the fluidized bed and wherein fine particles entrained in the gas stream have an 
opportunity to gravitate bacl< into the bed. It can also be advantageous to use a cyclone 
to remove ultra-fine particles from the hot gas stream. The gas is then normally recycled 
to the bed by means of a blower or compressor and one or more heat exchangers to 
. strip the gas of the heat of polymerization. 

A preferred method of cooling of the bed, In addition to the cooling provided by 
the cooled recycle gas. ls to feed,a volatile liquid to the bed to provide an evaporative 
cooling effect. The volatile liquid employed in this case can be. for example, a volatile 
Inert liquid, for example, a saturated hydrocarbon having 3 to 8, preferably 4 to 6, 
carbon atoms. In the case that the monomer or comonomer itself is a volatile liquid, or 
can be condensed to provide such aliquid this can be suitably be fed to the bed to 
provide an evaporative cooling effect. Examples pf olefin monomers which can be 
employed in this manner are olefins containing from 3 to eight, preferably from 3 to six 
carbon atoms. The volatile liquid evaporates in the hot fluidized bed to form gas which 
. mixes with the fluidizing gas. jf the volatile liquid is a monomer or comonomer, it will 
undergo some polymerization in the bed. The evaporated liquid then emerges from the 
reactor as part of the hot recycle gas, and enters the compression/heat exchange part of 
the recycle loop. The recycle gas is cooled in the heat exchanger and. if the 
temperature to which the gas is cooled is below the dew point, liquid will precipitate from 
the pas. This 'liquid is desirably recycled continuously to the fluidized bed. It is possible 
to recycle the precipitated liquid to the bed as liquid droplets carried in the recycle gas 
stream, as described, for example, in EP-A-89691, US-A-4543399. WO 94/25495 and 
US-A-5352749. A particularly preferred method of recycling, the. liquid to the bed is to 
separate the liquid from the recycle gas stream an?( to reinject this liquid directly into the 
bed, preferably using a method which generates fine droplets of the liquid within the bed. 
This type of process is described in WO 94/28032^^ 

The polymerization reaction. occurring Jn the.gas:fluidized bed is catalyzed by the 
continuous.or semi-continuous addition. pf. catalyst.. Such catalyst can be supported on 
an inorganicor organic support.materi^l.if desired; .The catalyst can also be subjected to 
a prepolymerizatlon.step..fo.r example, by polymerizing a; small quantity of olefin 
monomer in a liquid Inert diluent, to provide a catalyst composite comprising catalyst 
particles embedded in olefin polymer particles. 

. ■ The, polymer, is produced .directly in the fluidized bed by catalyzed 
.(cp)polymerizatign.o( the m.onorner(s) on.the fluidized particles of catalyst, supported 
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catalyst or prepolymer within the bed. Start-up of the poiymerization reaction is achieved 
using a bed of preformed polymer particles, which, preferably, is similar to the target 
polyofefin, and conditioning the bed by drying with inert gas or nitrogen prior to 
' "* introducing the catalyst, the monomer(s) and any other gases which it is desired to have 
5 in the recycle gas stream, such as a diluent gas, hydrogen chain transfer agent, or an 
inert condensable gas when operating in gas phase condensing mode.- The produced 
polymer is discharged continuously or discontinuously from the fluidized bed as desired, 
optionally exposed to a catalyst kill and optionally pelletized. 

Slurry polymerization conditions and supported catalyst preparation techniques 
10 for use therein are well known from the published literature. Generally such catalysts are 
prepared by the same techniques as are employed for making supported catalysts used 
in gas phase polymerizations. Slurry polymerization conditions generally encompass 
polymerization of a C2-20 olefin, diolefin, cycloolefin, or mixture thereof in an aliphatic 
solvent at a temperature below that at which the polymer is readily soluble in the 
15 presence of a supported catalyst. Slurry phase processes particularly suited for the. 

polymerization of C2-6 olefins, especially the homopolymerization and copolymerization of 
ethylene and propylene, and the copolymerization of ethylene with C3.8 a-oiefins such as, 
for example, 1-butene, 1-hexene, 4-methyl-1-pentene and 1-octene are well known in 
the art. Such processes are used commercially on a large scale for the manufacture of 
20 high density polyethylene (HOPE), medium density polyethylene (MDPE), linear low 
density polyethylene (LLDPE) and polypropylene, especially isotactic polypropylene. 

- EXAMPLES 

It is understood that the present invention is operable in the absence of any 
component which has not been specifically disclosed. The following examples are 
25 provided in order to further illustrate the invention and are not to be construed as limiting. 
Unless stated to the contrary, all parts and percentages are expressed on a weight 
basis. The term "oyernighfVif used, refers'to a time of approximately 1 6-1 8 hours, "room 
temperature", if used, refers td a temperature of 20-25 *»C, and "mixed alkanes" refers to 
a mixture of mostly Ce-Cig alkanes available cbrilmercially under the trademark Isopar 
30 E™ from Exxon Chemicals Inc. J ' - ■• 

All manipulation of air sensitive materials was perfonmed in an argon filled, 
vacuum atmospheres, glove box or on a' high vacuum line using standard Shienk 
techniques. Toluene was purified by passage ttirdugh colurrins packed with activated 

-30- 



wo 02/08303 



,.PCT/US01/21881 



alumina (Kaiser A-2) and supported copper (Engelhard. Cu-0224 S). Hexanes were 
punfied by distillation from sodium benzophenone ketyl. Trls(pentafluorophenyl)borane 
was purchased from Boulder Scientific. Potassium azide was purct,as«l from Atomerglo 
5 ,^°:P-^"<^"=-<^-^'-«ceived. Dioctadecylmethylamineisabis(hydrogenated 

5 tallow) alkylamine of approximate formulation (C«H3=).CH3N. available commercially 
under the tradename Armeen™ M2HT from Akzo Nobei. Inc:. and was used as received. 
Example 1 ; " 

A) Synthesis of 2-(4-hydroxyphen/l)imidazole - HOC6H4CiH3N2 

A flask was charged with 4-bydroxybenzaldehyde (30.0 g. 0.246 mol) and cone 
3 ammonium hydroxide (36 m.L). TT,e solution was cooled to.O -C a^ 

0.392 mol) was added, dropwise via syringe over 30 minutes. A yellow precipitate formed 
and the Slurry was stirred and allowed to warm to 25 -C for two hours. The product was 
collected on a frit, washed with cold water, and dried under reduced pressure to give a 
yellow powder {29.4g. 75 percent yield). The solid was recrystallized from 
dimethylformamlde (DMF) to give a tan powder. 

'•^'^'^R('^'^SO)512.23(brs.1H,NH).9.72(brs.1H.OH):7.74(d,^.6Hz 
2H. Ph). 7.04 (s. 2H, imidazole CH=CH), 6.81 (d, J=8.6 Hz. 2H. Ph). 

U . S^.'^TJ''*'^^ 6 157.46 (Ph£OH). 1 46.06 (Ph £CN.HCH.y. 132.17 (CN.HC- 
.H.). 126.37 (Ph CH),122.26 (CNaHC^H,). 115.41 (Ph CH): MS (M+H* 161.0). 

B) Synthesis of i-(4-trimethylsiloxy . tmS0C,H4C,H3N. 

.n. P. ^ .2:(4-hydmxyphenyl)imidazole dioo g. 6.24 mmol) 

25 mL Of CH.CI,. To the slurry was added trirpethylsilyichlorlde and triethylamine via 
synnge The mixture clarified to give an amber soluiton. After stirring for 3 hours at 
25 C the volatiles were removed and the residue triturated once' with hexanes and then 
dissolved ,n toluene. Filtration through diatoriiadeous earth filter aid and recystallizaiton 
. .from.toluene yielded 0,914 g (63;peroent yield) pf.the d.esired product as a tan solid. 

■ '"NMR (CH,Cy 512.83 (s.^1H;NH)- 7.80 (d. J=8.5 Hz. 2H,Ph).^ (s 2H 
imidazole CH=CH). 6:81 (d.-^a5 Hz. 2H. Ph). 0126 (s. 9H.Sii^^^ . ' ' 

"C NMR (CHaCy 5 1 56.32 (Ph COSiMea). 147.74 (Ph SCN.HCH.). 127.62 (Ph 
CH), 124.70 (CN^HCaH,); 1 23.28 (CN.H£.H,), 120.89 (PhSH), dig (Siife). 
MS{M* 232.1). •' '• ■ ■• 
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.. .. . . r\ . • . . , . ■ ■• 

■ C) Prei>arati6n of [H{Ci8H35)2(CH3)Nr{(HOC6H4C3H2N2)[B(C6F5)3]2}" 

A vial was charged with 2-(4-hydroxyphenyl)lmldazole (20.2 mg, 0.1 26 mmo!), 
tris(pentafluorophenyl)borane (128-7 mg. 0.251, mmol). di(octadecyl) methyl amine (66.8 
mg, 0.1 28 mmol), and 2.0 mL of da-toluene. The mixture was stirred for 1 0 minutes until 
5 all of the solids dissolved and then analyzed to determine the product's identity. 

NMR (da-toluene) 5 6.82 (br s. 1 H, OH). 6.47 (d, J=8.8.Hz, 2H. Ph). 6.85 (d. 
J=8.6 Hz. 2H, Ph). 5.85 (t. J^2.3 Hz. 2H, imidazole CH=CH), 4.07 (v br s. 1 H, NH), 2.24 
(m. 2H. HNCtU). 2.05 (partially obsured m. 2H. HNCHz), 1.91 (d, Jt=5.1 Hz. 3H. NMe), 
•1 .4-1 .0 (amine CH2). CSS (t, J=S.7 Hz. 6H. N(CH2)nCH3 ). 

• 10 ' • i9p NMR (da-tdluerie) 6 o-CF [-1 27:29 ("d". 1 F); -1 32.72 ("d", 1 F). -1 33.45 & - 

' 133.75 (bf m & "d"), 10F],>CF [-156.66 (t, J=19.8 Hz, IF), -159.09 (t, J=19.3 Hz, 2F), - 
1 60.79 (t, J=22.0 Hz. 3F)], m-CF [-1 62;96 ("br t'\ J=22.9 Hz. 1 F). -1 63.6'4 ("br t", ^21 .4 
• Hz, I F), -165.78 & -166.12 (m & br m. 10 F)]. . 

MS cation [(M* 537.5) fragments 536.5. 509.5. 508.5 (base). 480,5)]. anion {(M" 
15 11 82.6) fragments 872.7, 670.6 [base, (M-B(C6F5)3)]. 632.6}. 

Example 2 

Large Scale Preparation of [H(Ci8H35)2(CH3)Nn(HOC6H4C3H^^ 

A 250 mL flask was charged. with 2-(.4-hydroxyphenyl)imidazole (03.1 6 g.;:1 .97 
mmol), tris_(pentafluorophenyl)borar}e (2.02 g, . 3.95 mmol). dioctadecylmethylamine (1 .02 
20 g. 1 .96 mmol). and 1 00 mL of toluene. The mixture was stirred for 1 hour and then 
- filtered through afrit.' The volatiles were rdftioved under reduced pressure to give a 
^ Viscous, brown dir(3.10*g,=92.4 perbeh'tyie^^^^^ . 

Exarnple 3 

. . , Preparation of [H(C6H6)(CH3)2Nr{(Me3SI0C6H4C3H2N2)IB(C6F5) J - 

25 ■ • A vial wais charged with 2-(44rirhethylsjloxyphenyl)imidazc)i4 (20.4 mg, 0.088 

mnriol). tris(pentafluorophenyl)borane (90.0 mg, 0.176 mmol), )■, dioctadecylmethylamine 
(47.0 mg,.0.090 mmol),, and 2.0 npL of d8:t0luene. The cloudy mixture was stirred for 10 
minutes until dissolved. The solution was analyzed for product identity. 

'H NMR (ds-toluene) 5 7.21, (br s. 2H,. imidazole CH==CH). 6.65 ( br d. v^:7.8 Hz. 
30 2H. Ph), 6.39 (d, J=8.8 Hz, 2H. Ph). 3.95 (v br s. 1 H. NIJ), 2.04.(br m, 4H. HNCJi), 1 .77 
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(s, 3H, NMe), 1 .4-1 .0 (amine CH^). 0.93 (t, >6.8 Hz. N(CH2)„Cii3.oyerlaps with some 
amine resonances), 0.12 (s, 9H. SiMga). 

NIVIR (ds-toluene) 5 o-CF [-125.71 (br s, 2F). -132.5 & -132.43 (v br m & br s). 
10F], p-CF [-157.85 (t, ^21.4 Hz, 2F). -180.28 ( br T. 4F)], m-CF [-163.78 ("brf. 2F), 
5 -1 64.37 (brs,2F),.1 66.50 (vbrs. 8 F)]. 

IVIS cation 537.6) fragments 536.5. 509.6, 508.6 (base). 480.6)]. anion {(M" 
1254.8) fragments 742.6 [base, (IV1-B(C6F5)3 )]}. ■ 
Example 4 

Preparation of [H(C«H35)2(CH3)N]*{(Me3SiOC6H4C3H2Nj)[AI(CsFs)3]2}- 

0 A vial was charged witln2-(4-trimetlnylsiloxyphenyl)imidazole (20.5 mg. 0.088 
mmol), tris(pentafluorophenyl)aluminane V2(toluene) (103.1 mg, 0.180 mmol), 
di(octadecyl)methylamine (46.0 mg, 0.088 mmol), and 2.0 mL of da-toluene. The mixture 
was stinted for 1 5 minutes until all of the solids dissolved and then analyzed. 

'H NMR (ds-toluene) 5 7.40 (s, 2H', imidazole CH=CH), 7.31 (d, >8.5 Hz, 2H, 

1 Ph). 6.36 (d, ^8.6 Hz, 2H, Ph), 4.35 (v br s, iH. NH). 2.01 (br m, 4H, HNChi), l'.73'(s. 
3H, NMe). 1 .4-1 .0 (amine CH^), 0.93 (t, ^6.6 Hz. N(CH,)„CH, overlaps with some amine 
resonances). 0.12 (S.9H. SiJNflgs). 

^'F NMR (da-toluene) 6 -121.79 (dd, J=27A & 18.3. 2F, o-CF),' -155.02 (t, J=19.8 
Hz, IF, p-CD, -162.73 (m,2F, /n-CF). , . . ' 

: MS cation [(M* 537.8). fragments 536.8, 509.8, 508.8, (base), ■480:7]. anion [M" 
. 1286.9 (base)]. , ; . , . . •• . 

'pxampleS' .. , , 

Prei^ratlon of NC«H«^Cjfe)l!o*{(Et,Ailxyi.(^^ 
(di(octadecyl)methylammonlum 2-(4-dlethylaluminoiyphehyl)imfda2oiate 
bis[trls(pentafluorophenyl)borane]) 

^nder an argon atrnosphere/a toluene s^^ 

ammonium i(4-hycftoxyphenyl)lm ([H(C,8Hs) 

. . .. ,?(°H«). Nrt(HOC6H4C3H2N2)[B(C6F5)3]2}, 825 ^1, 0.040M, 33.0 nmol) and a toluene 

solution of triethyl aluminum (363, ji!, 0...10M. 36.3 Hmol) were added, to a vial and mixed 

for'30 second^, Formation of the , desired product can De identified by nuclear magnetic 
resonance spectroscopy, 

. ■- ■ -33- " ' ' 
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Examptb 6a and 6b " 

Preparation of Supported Catalyst Systenn 

Di(octadecyl)methylammonium 2>(4-hydrqxyphenyl)iniidazolate 
bis[tris(pentafluorophenyl)borane] on TEA/silica 

5 Under an argon atmosphere, a toluene solution of di(octadecyl) methyl 

ammonium 2-(4-hydroxyphenyl)imidazolate bis[tris(pentafluorophenyl)borane] 
([H(Ci8H35)2(CH3)N]''{(HOC6H4C3H2N2)[B{C8F5)3]2}'. 825 ^il, 0.040M. 33.0 \imo\) was 
diluted to 1 500 |al with toluene and added to 1 .00 g of triethylaluminum (TEA)-treated 
silica (Grace-Davison 948 silica, available from Grace-Davison Company, heated at 250 

10 . °C for 4 h, treated with 1 .5 mmol TEA/g, washed with toluene and hexanes and dried 
under reduced pressure). The mixture was shaken by hand to break-up clumps and 
then mechanically agitated for 5 minutes. The volatiles were then removed under 
reduced pressure. A toluene solution of (t-butylamido)dimethyl{tetramethylcyclopenta- 
dienyl)silane titanium 1 ,3-pentadiene (1500 ^il, 0.020M, 30.0 ;amol) was added to the 

1 5 TEA-treated silica. The.mixture was shaken by hand to. break-up clumps and then 
mechanically agitated for 5 minutes. The volatiles were then removed under reduced 
pressure to give an olive green solid (0.988 g). 

Example? , . , 

Preparation of Supported Catalyst System . : 

20 ,Df(octadecyl)methylamnrtoniunrv2r(4<^diethylalumindxyphenyl)inriidazolate 
bis[tr!s(pentafluorophenyl)borane] on TEA/sllica 

Under an argon atmosphere, a toluene solution of di{octadecyl) methyl- 
ammonium 2-{4-hydroxyphenyl)}midazolate bis[tris(pentafluorophenyl)borane] (825 ^il, 
0.040IVI, 33.0 ^irnol) and a toluene solution of triethy! aluminum (363.^1, 0.1 OM. 36.3 

25 ^mol) were added to a vial and mixed for.30 seconds. This solution was then added to 
1 .00 g of TEA-treated silica (Grace-Davison 948. heated at 250 **C for 4 h, treated with 
1 .5 mmbI TEA/g, washed with tbiuehe and hexanes and dried under reduced pressure). 
The mixture was shaken by hand to break-up clumps and then nriechanically agitated for 
5 minutes.' The volsitiles'were then rembved under reduced pressure. A toluene solution 

30 of (t-butylamido)dimethyl(tetramethylcyclopentadieriyl)silanetitanium 1 ,3-pentadie.ne 

(1500 nl, 0.020M; 30.0 ^mol) was added to the silica. The mixture was shaken by hand 
to break-up clumps and then mechanically agitated for 5 minutes. The volatiles were 
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then removed under reduced pressure to give the desired supported catalyst product as 
an olive green solid (1 .00 g). 

Examples 

Preparation of Supported Catalyst System 

5 Di(octadecyl)methylammonium 2-(4-hydroxyphenyl)imldazolate 
bls[tris(pentaf luorophenyl)bdrane] w/ (EBI}Zr(DPB) on TEA/silIca 

Under an argon atmosphere, a toluene solution of di(octadecyl)methyl 
ammonium 2-(4-hydroxyphenyl)imidazplate bis[tris(pentafluorophenyl)borane] 
([H(Ci8H35)2(CH3)Nr{(HOC6H4C3H2N2)[B{C6F5)3]2}'. 825iil, 0.040M, 33.0 jjimol) 
1 0 was diluted to 1 500 |il with toluene and added to 1 !00 g of triethylaiuminum 
(TEA)-treated silicia (Grace-Davison 948 silica, available from Grace-Davison 
Compiany heated at 250 °C for 4 h, treated with 1 .5 mmol TEA/g, washed with 
toluene and hexanes and dried under reduced pressure). The mixture was 
shal^en by hand to break-up clumps and then mechanically agitated for 5 
15 minutes. The yolatiles were then removed under reduced pressure. A toluene 
. solution rac-ethylenebls(indeny!)zirconium(1.4-diphenylbutadene) (1500 ^il, 
0.020M, 30.0 inmol) was added to the TEA-treated silica. ' The mixture was 
shaken by hand to break-up clumps' and then mechanically agitated for 5 
minutes: The volatiles were then removed under reduced pressure to give a 
' 20 purple-gray solid (1.061 gj. ' • 

Examples 

1 

Preparation of Supported Catalyst System 

Di(octadecyl)methylammonium 2-(4-dlethylaluminoxyphenyl)imidazolate 
bis[trls(pentafluorophenyl)borane] w/ (EBI)Zr(DPB) on TEA/sillca 

25 Under an argon atmosphere, a toluene solution of di(octadecyl)methyl- 

ammonium 2-(4-hydroxyphenyl)imidazolate bis[trls(pentafiuorophenyl)borane] 
(825 ^il, 0.040M, 33.0 jumol) and a toluene solution of triethyl aluminum (363 ^il, 
0.1 OM, 36.3 \imo\) were added to a vial and mixed for 30 seconds. This solution 
was then added to 1 .00 g of TEA-treated silica (Grace-Davison 948, heated at 

-35- 



BNSDCX;iD: <WO 020830aAl_U> 



wo 02/08303 PCT/USOl/21881 



250 °C'for 4^ hi'treated with 1 .5 mmol TEA/g, washed with toluene and hexanes 
and dried under reduced pressure). The mixture was shaken by hand to break- 
up clumps and then mechanically agitated for 5 minutes. The volatiles were then 
removed under reduced pressure. A toluene solution rac- 
5 ethyIenebis(indenyl)zlrcon!um(1 .4-diphenylbutadene) (1 500 ^1, 0.020M, 30.0 
^imol) was added to the.silica. The niixture was shaken by hand to break-up 
clumps and then mechanically agitated for 5 minutes. The volatiles were then 
removed under reduci3d pressure to give the desired supported catalysts product 
as a purple-gray solid (1 .065 g). ' 

10 Gas Phase Polymerizations 

A 2.5-L stirred, fixed bed autoclave was charged with 200 g dry NaCI containing 
0.1 g of KH as a scavenger. Stirring was begun at 300 rpm. The reactor was 
pressurizjsd to 0.8 MPa ethylene and heated to 70*'C. 1 -hexene (7000 ppm) was 
introduced to the reactor followed by the addition of hydrogen (when used). In a 

15 ' separate vessel. 0.05 g of catalyst was mixed with an additional 0.1 *g KH scavenger. 
The combined catalyst and scavenger were subsequently injected into the reactor. 
Ethylene pressure was maintained on demand' whilie hexene ahd hydrogen (where used) 
were fed to the reaptor to maintain their.'respective concentrations. The temperature of 
the reactor was regulated by a circulating water bath. ' After 90 minutes the.reactpr was 

20 . depressurized, and the salt and polymer, were removed. The polymer was washed with 
copious quantities of distilled water to remove the salt, driecj at SO^C, and then stabilized 
by addition of a hindered phenol antioxidant (Irganox™ 1010 from Clba Geigy 
Corporation) and 1 33 mg of a phosphorus stabilizer. Activity values were calculated 
based on ethylene uptaka : Results are shown in Table 1. 
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TABLE 1 

Bm Cat^ Cocatalyst H, fppm) (qS Density |g 

2 III 2000. 18.0 0.912 0.296 139,000 

3 " « onnn f^*^ ^'^^^ <0.300 210.000 

4 ji p ^ 2000 36.7 0,92 1.017 92.500 

5 fjo " ^^-^ ^-^^4 0-92 117.000 

6 - - " - onnn l^'l °-^24 <1.04 191 000 

7 « „ 2000 47.8 0.927 3.22 110,000 

. ^ 64.3 0.924 <1.233 193,000 

' (t-butylamido)dlmethyl(tetramethyIcyclopentadienyl)tltanium 1 .3-pentadlene 
ethyJenebis(/nden-i.y/)z»rconium 1.4-d/phenyl-1,3-butadiene 
grams polymer per gram (solid catalyst) ♦ hour • (MPa x 0.1) 



2. 

3. 
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CLAIMS : 

1 . A compound corresponding to the formula: (A*'*'a)t)(Z*J*j)-Cjj|, 
wherein: 

A* is a cation of from 1 to 80, preferably 1 to 60 atoms, not counting hydrogen 
5 atoms, said A* haying a charge +a,. . . 

Z* is an anion group of from .i to 50, preferably 1 to 30 atoms, not counting 
hydrogen atoms, further containing two or more Lewis base sites; 

J* independently each occurrence is a Lewis acid of from 1 to 80, preferably 1 to 
60 atoms, not counting hydrogen atoms, coordinated to. at least one Lewis base site of 
1 0 2*. and optionally two or more such J* groups may be joined together in a moiety having 
multiple Lewis acidic functionality, 

j is a number from 2 to 1 2 and 

a, b, c, and d are integers from 1 to 3, with the proviso that a x b is equal to c x d, 
and provided further that one or more of A*, Z* or J* comprises a hydroxyl group or a 
1 5 polar group containing quiescent reactive functionality. 

.2. A compound according to claim 1 wherein A*"*'^ Is selected from the group 
consisting of ammonium, sulfonium, phosphonium, oxonium, carbonium, silyllum, 
ferrocenium, Ag+, and Pb+2 cations. 

3. A compound according to claim 1 wherein Z* is selected from the group 
20 consisting of trialkylsiloxy-, trialkylsiloxyalkyi-, trialkylsiloxyaryl-. and dialkylalumlnoxyaryl- 

substituted derivatives of imidazolide, 2-(Ci.3ohydrocarbyl)imidazolide, 4,5- 
dihaloimidazolide, 4,5-dl{Ci.3ohydrocarbyl)imidazolide. 4,5-benzylimidazolide, 2- 
(Ci.3ohydrocarbyl)-4,5-benzimidazolide, 1 .3,4-triazolide. 2-(Ci.3ohydrocarbyl-1 ,3.4- 
triazolide, 1 .2,3-triazolide. 4,5-benz-1 ,2,3-triazolide, imidazolinide, 2- 
25 (Ci.3ohydrocarbyl)imidazollnide, 4,5-dihalDimidazolinide, and 5,6- 
dlmethylbenzimidazolide. 

4. A compound according to claim 1 which is an ammonium, phosphonium. 
sulfonium, oxonium, carbonium, silyllum. lead (II), silver or ferrocenium salt of 
hydroxylphenyl-, trimethylsiloxyphenyl-, and dialkylaluminoxyphenyl- substituted 

30 derivatives of: bis(tris(penta-fluorophenyl)borane)-imidazolide, 
bis(tris(pentafluorophenyl)borane)-2-undecyl-imldazolide, 

bis(tris{pentafluorophenyl)borane)imldazolinide. bls(tris(pentafluorophenyl)-borane)-2- 
undecylimidazolinide, bis(tris(pentafluorophenyl)borane)-4.5-benzimldazolide, 
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bis(tris(pentafluorophenyl)borane)-4.5-bis(heptadecyl)imldazolide..l^is(tris(penta- 
fluorophenyl)borane)1 ,3.4-tria2olide, bis(tris(pentafluorophenyl)bprane)-2-undecyl-1 ,3.4. 
triazolide, bis(tris(pentaf!uorophenyl)aiumane)imida2olide. bis(tris{penta- 
fluorophenyl)alumane)-2-undecylimidazolide,bis(tris(pentafluorophenyl)alumane)- 
5 imidazolinide, bis(tris(pentafluorbphehyl)alumane)-2-undecylimidazolinide. bis(tris- 

(pentafluorophenyl)alumane)-4,5-benzlmidazolide. bis(tris{pentafluoro-phenyl)alumane)- 
4.5-bis(heptadecyl)imida2olide, bis(tris(pentafluorophenyl)alumane)-1 .3.4-triazollde. or 
bis(tris{pentafluorophenyl)alumane)-2-undecyl-1,3,4-tria2olide. 

'5. A ammonium salt cximpound according to claim 1 wherein the ammonium 
1 0 cation is a trimethylammonlurti-. triethylammonlum-. tripropylammonlum-, tri(n- 

butyliammonium-, methyldl(octadecyl)ammonium-. methyldi(tetradecyl)ammonium-. 
inethyl{tetradecyl)(octadecyl)ammonium-, N,N-dimethylanilinlum-, N,N-diethylanilinium- 

N.N-dimethyl(2.4.6-tHmethylahilinium)-.N,N-di(tetradecyl)lanilinium-,N.N-di(tetra^^^^^ 
2,4,6-trlmetHylanilirilum)-. N,N-di(octadecyl)lanilinium-, N,N-di(octadecyl)-2.4.6- 
15 trifnethylanilinium)-. or methyldicydohexylammonium- cation. 



A 



6. A compound according to claim 1 corresponding to the formula: 



A** 



>— N J 




A** 
-J or 




A*" 



J*'-N^N-J*' 

-■■H - 



or . 




20 



wherein: • ■ i- ' ' ■ 

A;+ is a monovalent cation as previously defined in claim 1, 
R', Independently each occurrence, is hydrogen er a hydroxy hydrocarby I. halo 
hydrocarbyl, halocarbyl,; halohydrooarbW or silyl group, (Including mono- 
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, di- and'tri(hydrocarbyl)silyl) group of up to 30 atoms not counting hydrogen, preferably 
Ci.20 alkyi group, or a quiescent reactive group, with the proviso that at least one 
group contains a hydroxyhydrocarbyl group or a quiescent reactive group, and 

J*' is tris(pentafluorophenyl)borane or tris{pentafluorophenyl)alumane). 

5 7. A compound according to claim 1 that is a trihydrbcarbylammonium- salt 

. ' . of: .... . ' . ^ . . 

bis(tris(pentafluorophenyl)borane)-2-(p-hydroxyphenyl)imidazolide. 

bis(tris(pentafluprophenyl)borane)-2-undecyl-4-(p-hydrpxyphenyl)imldazoIide, 

bis(tris(pentafluorophenyl)borane)-2-heptadecyl-4-(p-hydroxyphenyl)imidazon 

10 bis(tris(pentafluorophenyl)bprane)-2-(p-hydroxyphenyl)T4,5;bis(und^ 

bis{tris(pentafluorophenyl)borane)-2-(p-hydroxyphenyl)-4,5-bis(heptadecyl)imi^ 
bis(tris(pentafluorpphenyI)borane)-2-(p-hydroxyphenyl)imidazoIinlde,. 
bis(tris(pentafluoropheny|)borane)-2-{p-hydroxyphenyl)-1,3,4-triazolide, 
bls(tris(pentafluor9phenyl)borane)-2-(p-hydrpxyphenyI);4,5-benziimldazolide; 

bis(tris(pentafluorophenyl)borane)-2-(p-trimethylsiloxyphenyl)imidazolide. 
bis(tris(pentafluorophenyI)borane)-2-undecyl-4-(p-trimethylsiloxyphenyl)imidazolide, 
bis(tris(pentafluorophenyl)borane)-2-heptadecyl-4-(p-trimethylsiloxypheny!)imidazolide, 
- bis(tris(pentafluorophenyl)borane)-2-(p-trimethylsiloxyphenyl)-4,5- 

20 bis(undecyl)imidazolide, 

bis(tris(pentafluorophenyl)borane)-2-(p-trimethylsiloxyphenyl)-4,5- 

bis(heptadecyl)imidazolide. 
bis(tris(pehtafluorophenyl)borane)-2-(p-trimethylsiloxyphenyl)imidazolinide, 
bls(trls(pentafluorophenyl)borane)-2-(p-trimethy!siloxyphenyl)-1,3,4-triazolide, 

25 bis(tns(pentafluorophenyl)borane)-2-(p-trimethylsiloxyphenyl)-4,5-benziim 

bis(tris(pentafluorophehyl)borane)-2-(p-diethyIaluminoxyphenyl)imidazolide, 
bis(trls(pentafluorGphenyl)borane)-2-undecy!-4-(p-diethylalumlnoxyphenyl)imldazolide, 
bis(tris(pentafluorophenyl)borane)-2-heptadecyI-4-(p-diethylaluminoxyphenyl)imidazolide, 
30 bis(tris(pentafluorophenyl)borane)-2-(p-diethylaluminoxyphenyl)-4,5- 
bis(undecyl)imidazolide, 
bis(trls(pentafiaorbphenyr)borane)-2-(p-diethylalu^ 

bis(heptadecyl)imidazolide, ' ' 
bis(trls{pentafluorophenyl>borane)-2-{p-diet'hvlalumindxy'pheriyl)imidazblin 
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bis(tris(pentafluorophenyl)borane)-2-{p-diethylaluminoxyphenyl)-1.3.4-triazolide, 
bis(tris(pentafluorophenyl)borane)-2-(p-diethylalumino)Qrphenyl)-4;Uen2iimidaro^ 

bis(tris{pentafluorophenyl)alumane)-2-(p-hyclroxyphenyl)imidazolicle. 
bis(tris(pentafluorophenyl)alumahe)-2-undecyl-4-(p-hydroxyphenyl)imida2olide. 
bis{tris(pentafluorophenyl)alumane)-2^heptadecyl-4-(p-hydroxyphenyl)imidazolide. 
bis(tris(pentafluorophenyl)alumane)-2-(p-hydroxyphenyl)-4.5-bis(undecyl)imidazolide, 

bis(lris(pentafluorophenyl)alumane)-2-(p-hydroxyphenyI).4.5-bi5(heptadecyl)imidazolide. 
bis{tris(pentafluorophenyl)alumane)-2r(p-hydroxyphenyl)imidazolinide. 
bis(tris(pentafluorophenyl)alumane)-2-(p,hydroxypbenyl)-1,3Atriazolide. 
bis(tris(pentafluorophenyl)alumane)-2-(p-hydrowhenyl)-4,5-benziimW^ . 

bis(tris(pentaflu6rophenyl)Wumane)-2l(p-lrimethylsiioxyphenyl)imid^^^^ 
bis(tris(pentafluorophenyl)alumane)-2-undecyl-4-(p-trimethylsiloxyphenyl)M^^ 

b.s(lris(pentafluorophenyl)alumane)-2-h8ptadecyl-4-(p-trimethylsiloxyphenyl)imidazolide, 
bis(tris(pentafluorophenyl)alumane)-2-(p-lrimethylsiloxyphenyl)-4.5- 
bis(undecyl)imida2olide, 

bis(tris(pentaf!uorophenyl)alumane)-2-(p-lrimethylsiloxyphenyl)-4.5- 
bjs(heptadecyl)imidazolide, 

bis(tris(pentafluorophenyl)alumane)-2-(p-trimethylsiloxyphenyl)imidazolinide. 
bis(tris(pehlafluorbphenyl)aiuiiiane)-2-(p-trimethylsiloxyphenyO^ 

bis(tris(pentafluorophenyl)alumane)-2-(p-trimethylsiloxyphenyl)-4.5-ben2iimidai^ 

bis(tris{pentafluorophenyl)alumane)-2-(p-diethylaluminoxyphenyl)imidazdlide. 
bis(tris(pentafluorophenyl)afumane)-2-undecyl-4-(p-diethylaluminoxyphenyl)im,dazolid^^^ 

bis(tris(pentafluorophenyl)alumane)-2-heptadecyl-4-{p-diethylaluminoxyphenyl)- 
imidazolide, 

bis(»is(penlafluorophenyl)alumane)-2-(p-diethylaluminoxyphenyl)-4.5- 
bis(undecyl)imidazolide, 

bis(tris(pentafluorophenyl)alumane)-2-(p-diethylaluminoxyphenyl)-4.5- 
bis(heptadecyl)imidazolide, 

bis(tris(pentafluorophenyl)alumane)-2-(p-diethylaluminoxyphenyl)imidazolinide, 
bis(tris(pentaflubrophenyl)alumane)-2-(p-diethylaluminoxyphenyl)-1,3,4-triazolide, or 
bis(tris(pentafluorophenyl)alumane)-2-(p-diethylalutninoxyphenyl)-4.5-ben2iimidazolide. 
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8. A catalyst composition for polymerization of addition polymerizable 
monomers comprising, in combination, 1) a Group 3-10 or Lanthanlde metal complex, 
preferably a Group 4 m^tal complex, 2) a compound according to any one of claims 1-7, 
or the reaction product of 1 and 2), and optionally 3) a solid, partlculated support. 

5 . 9. A catalyst composition for polymerization of a-olefins comprising, in 

combination, 1 ) a Group 3-10 or Lanthanide metal complex, preferably a Group 4 metal 
complex and 2) a cpmpound according to any one of claims 1 -7. 

10'. A catalyst component for use in formation of heterogeneous catalyst 
compositions, comprising; in corhfaihation, a compound according to any one of claims 1 
10 7 and a solid, pailiculated support. 

1 1 . The component of claim 1 0 wherein the support is silica. 

12. The comppnent of claim 1 1 wherein the silica is dried and reacted with a 
trialkylaluminum compound to remove reactive functionality thereon before contacting 
with the metal complex 01] Qo.mpound. . : ■ 

15 1 3. A polymerization process comprising contacting one or more a-olefins 

under polymerization conditions with a catalyst composition or component according to 
claims 8. ■ " 

14. A polymerization process according to claim 1 3, that is a slurry 
polymenzation. 

20 1 5. ' A polymerization process according to claim 1 3 that is a gas phase 

^ polymerization.. . . , - . • ..- • ' . ' 



-42- 



SNSDOCID: <WO__0a08303A1J_> 



JNTERNATIONAL SEARCH REPORT 



ln|^^aii3l Application No 

P^US 01/21881 



A. CLASSIFICATION OF SUBJECT MATTER . 

IPC 7 C08F10/00 C08F4/642 C08F4/643 Cd7F5/02 C07F5/06 



According to Inlernalional Patenl Cla^llcallon (IPC) or to both national classification and IPG 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C08F - 



Documentation searctied other tttan minimum documenlallon to the extent tfial sudi documents are included In tlie fields searclied 



Electronic data base consulted during the inlernalional search (name of data base and, -where practical, search tertns used) 

WPI Data, CHEM ABS Data, EPO-Internal. 



C. DOCUIU1ENTS CONSIDERED TO BE RELEVANT 



Category » 



Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to daim No> 



WO 00 20426 A (UNIV MICHIGAN ;DOW CHEMICAL 
CO (US)) 13 April 2000 (2000-04-13) 

page 114; example 22 
page 117; table 2 

WO 99 42467 A (DOW CHEMICAL CO) 
26 August 1999 (1999-08-26) 

page 24, line 33 - line 34 

page 26, line 8 - line 16 

page 26 -page 45; examples 1-16; tables 

1-4 

V- 



1-3,5,6, 

8-10, 

-13-15 



1-3,5,6, 

8-10', 

13-15 



[ X I Further documents are listed In the continuation of box C. 



ID 



Patent family mennbers are listed in annex. 



* Special categories of died documents : 

'A* document defining the general state of the art which Is not 
considered to be of particular relevance 

*E* earlier document but published on or after the international 
filing date 

■L' document which may throw doubts on priority dalnn(s) or 
which is died to establish the publication dale of another 
dtalion or other spedal reason (as specified) 

'O* document referring to an oral disdosure, use, exhibition or 
other means 

'P' document published prior to the international filing date but 
later than the priority date claimed 



'T* later document published after the {ntematronal filing dale 
or priority date and not in conflict with the application but 
died to understand the principle or theoiy underlying the 
invention 

■X" document of particular relevance; the claimed invention 
cannol be considered novel or cannot be considered to 
involve an Inventive step when the document Is Xsk&n alone 

•Y* document of particular relevance; the claimed Invention 

cannot t)e considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person stdiled 
in the art. 

document member of the same patenl family 



Dale of the actual completion of the iniernaiional search 

26 November 2001 



Dale of mailing of the IntemalJonal search report 



06/12/2001 



Name and mainng address of the ISA 

European Piatent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rljswllk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Parry, J 



Form PCTflSA^IO (second sheet) (Juty 1992) 



. <WaL_oa08303A1J_> 



.<^>qqAilM:^NATIONAL SEARCH REPORT 



tfonal AppOcatlon No 

Vy^i/US 01/21881 



C.(ContlnuaUon) OOCUPdENTS CONSIDERED TO BE RELEVANT. 



Category • CUalton of document, with mdlcal ion .where appropriate, of the retevant passages 



Relevant to cfaim No. 



X - 



P.X, 
L 



LAPOINTE7-ROBERT E. ET AL:- "New Family of 
Weakly Coordinating Anions" 
a. AM. CHEM. SOC. (2000), 122(39), 
9560-9561 , 

XP001002382 
page 9561; table 1 • • . 

EP 0 924 223 A (MITSUI CHEMICALS INC) 
23 June 1999 (1999-06-23) 
page 23 -page 45 
paragraph *0431! - paragraph '0440! 

LUCARINI, MARCO ET AL: "An EPR study of 
the reaction of tetrabutyl ammonium 
borohydride with N-Heterocycles" 
J. ORGANOMET. CHEM. (1995 ), 494(1-2),' 
123-31 ■ * • 

XPOO4623963 
page 129, column 1 . , , . 

EP 0 448 240 A (CHEVRON RES & TECH) 
25 September 1991 (1991-09-25) 
page 8; example 1 

WO 01 09207 A (DOW CHEMICAL CO) ' 
8 February 2001 (2001-02-08) 

page 31, line 19 - line 25 : , 



•..»• . I . . 



' . .. • - » 



1-3,5,6, 

8,9, 

13-15 



1,2,5,8, 
9,13-15 



1.2.5 



1-3,^ 



1,2,5,6. 

8-10, 

13-15 



■t'l - 



BNS(X)CIO: 



Foan PCT/ISA/210 (continuation ol sscond sheet) (July 1992) 

; <WO__a2D8303A1J_> 



INTERNATIONAL SEARC^^EPORT 



nfol 



on patent ramlly members 



Jlonal Application No 

US 01/21881 



Patent document 


Publication 




Patent family 


1 Publication 


cited in search report 


date 




member(s) 


date 






Al 1 

AU 


5706099 A 


26-04-2000 






AU 


5815199 A 


26-04--2000 






DD 


9914771 A 


03-07-2001 






UN 


1322208 T 


14-11-2001 






CD 


1119575 Al 


01-08-2001 






C D 

tr 


1141034 A2 


10-10-2001 






MA 


994875 A 


10-04-2000 








994876 A 


10-04-2000 




- 


WO 


0020426 Al 


13-04-2000 






wo 


0020462 A2 


13-04-2000 


- 




US 


6284905 Bl 


04-09-2001 






1 IC 

Uo 


2001025115 Al 


27-09-2001 




^0— uo— lyyy 


Al 1 

AU 


3298099 A 


06-09-1999 






DD 

dR 


9908336 A 


10-10-2000 






UN 


1290267 T 


04-04-2001 






CD 

tr 


1056752 Al 


06-12-2000 






Lll I 

- HU 


0100783 A2 


28-06-2001 






MA 

NL) 


20004135 A 


18-10-2000 






PL 


342450 Al 


04-06-2001 






TR 


200002404 T2 


22-01-2001 






I J A 

wu 


9942467 Al 


26-08-1999 






Uo 


2001027161 Al 


04-10-2001 


EP 0924223 A 


23-06-1999 


EP 


0924223 A2 


23-06-1999 






1 D 

Jr 


2000191713 A 


11-07-2000 






c/* 
ou 


74682 Al 


22-08-2000 






1 IC 

US 


4983590 A 


08-01-1991 






A 1 1 

AU 


634355 B2 


18-02-1993 






A 1 1 

AU 


7206691 A 


12-09-1991 






DD 

dK 


9100939 A 


05-11-1991 






CA 


2037969 Al 


13-09-1991 






EP 


0448240 A2 


25-09-1991 






JP 


5112537 A 


07-05-1993 






ZA 


9101105 A 


29-04-1992 


WO 0109207 A 


08-02-2001 


AU 


5736200 A 


19-02-2001 






WO 


0109207 A2 


08-02-2001 



Form PCT/ISA/210 (palant family amex) (July 1982) 
BNSCXMID: < WQ__020a303A 1 J_> 



